Google 


This  is  a  digital  copy  of  a  book  that  was  preserved  for  generations  on  Hbrary  shelves  before  it  was  carefully  scanned  by  Google  as  part  of  a  project 

to  make  the  world's  books  discoverable  online. 

It  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  that  was  never  subject 

to  copyright  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 

are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  difficult  to  discover. 

Marks,  notations  and  other  maiginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 

publisher  to  a  library  and  finally  to  you. 

Usage  guidelines 

Google  is  proud  to  partner  with  libraries  to  digitize  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  to  keep  providing  this  resource,  we  liave  taken  steps  to 
prevent  abuse  by  commercial  parties,  including  placing  technical  restrictions  on  automated  querying. 
We  also  ask  that  you: 

+  Make  non-commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  that  you  use  these  files  for 
personal,  non-commercial  purposes. 

+  Refrain  fivm  automated  querying  Do  not  send  automated  queries  of  any  sort  to  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attributionTht  GoogXt  "watermark"  you  see  on  each  file  is  essential  for  informing  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use,  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 
countries.  Whether  a  book  is  still  in  copyright  varies  from  country  to  country,  and  we  can't  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liabili^  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.   Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  the  full  text  of  this  book  on  the  web 

at|http  :  //books  .  google  .  com/| 


RECORDS 


OV  THX 


GEOLOGICAL    STJRVEY 


ov 


INDIA. 


VOL.    XVI. 


FVILItHin    ir  OEDIB  Of  Hit  BZOBlLSirOT  THB  OOriBKOB  OBVBB4L   OV  IVDIA  IT   COirVCTK. 


CALCUTTA : 

^JUKTBD  FOB  THB  OOVRBKirBirT  OF  INDIA. 
LOUDON  :    TBObnBB  AND  CO. 


MDCCCLXXXIIL 


IV  CONTENTS.  < 

Pagk 

PalcBontological  Notes  from  the  Daltonganj  'and  Hntar  coal-fields  in  Chota 
NagpuTy  hy  Ottokab  Feistmantbl,  M.D.,  Palcentologisty  Qeological 
Survey  of  India  ..........     175 

On  the  altered  basalts  of  the  Dalhonsie  region  in  the  North- Western  Hima- 
layas, hy  Colonel  C.  A.  McMahon,  F.G.S.     {With  two  plates)  .     178 

On  the  microscopic  structure  of  some  Sub-Himalayan  rocks  of  tertiary  age, 

by  Colonel  C.  A.  McMahon,  F.G.S 186 

^0^6  on  the  Qeology  of  Jaunsar  and  the  Lower  Himalayas,  hy  B,,  J).  Old- 
ham, Qeological  Survey  of  India.     (With  a  map)       .  .  .  .19^ 

Notes  on  a  Traverse  through  the  Eastern  Khasia,  Jaintia,  and  North  Cachar 

Hills,  hy  Tom.  D.  LaTouche,  B.A.,  Qeological  Survey  of  India .         .     198 

On  Native  Jjesdfrom  Maulmain,  and  Chromite /rom  the  Andaman  Islands, 

hy  F.  R.  Mallet,  Deputy  Superintendent,  Qeological  Survey  of  India      203 

Notice  of  a  Fiery  Eruption  from  one  of  the  Mud  Volcanoes  of  Cheduba 

Island,  Arakdn 204 

Notice, — Irrigation  from  wells  in  the  North-Western  Provinces  and  Oudh, 
by  Captain  J.  Clibborn,  B.S.C,  Executive  Engineer,  on  Special  Duty , 
Department  of  Agriculture  and  Gorrvmercey  N-W.  P,  and  Oudh,  In  the 
Professional  Papers  on  Indian  Engineering,  3rd  series,  Vol.  I,  p.  103, 
Roorkee,  1883 205 

Donations  to  the  Museum 51,  121,  209 

Additions  to  the  Librabt         ....;.  51, 121,  166,  210 


^ 


•  t; 


Ananid  Report,  1>81. 


RECORDS 


OF  THB 


GEOLOGICAL  SURVEY  OF  INDIA. 


Part  1.]  1883.  [February. 


Annual  Bepokt  or  thb  Geoloqical  Survbt  of  India,  and  of  thb  Gboloqical 

Museum,  Calcutta,  fob  the  ybae  1882. 

Thb  most  important  resnlt  of  the  past  season's  work  has  been  the  proving  of 

South  RxwahzXJhabul     *^®    °®^  ^*^  ^^^^  ^^   Umaria  at  the  west  end  of  the 
COAL  piELD.  South  llewah  Gondwdna  basin,  within  34  miles  of  Katni 

Mr,  Hughes,  Station  on  the  East  Indian  Railway.     Tliis  field  was  men- 

tioned in  the  last  annual  report,  and  Mr.  Hughes  had  given  a  notice  of  it,  in 
the  Records  for  1881  (Vol.  XIV,  pt  4).  The  actual  area  of  exposed  coal  mea- 
sures  is  small  (about  5  square  miles),  in  an  angle  between  the  gneissic  rocks 
and  the  great  spread  of  newer  Gondwana  sandstone  to  the  north-east.  The  out- 
crop of  ooal  had  been  known  for  many  years,  but  its  appearance  at  the  surface 
was  not  promising.  All  this  area  had  been  surveyed  in  1872  by  Mr.  Hacket, 
without  distinguishing  the  true  coal  measures ;  but,  from  what  I  had  seen  of 
the  ground  (in  March  1869),  on  a  preliminary  inspection  between  Haniganj  and 
Jabalpur,  I  was  aware  that  further  examination  would  be  necessary  before 
anything  could  be  published.  Mr.  Hughes*  success  was  then  no  chance  find ; 
he  recognised  a  difference  between  the  Umaria  sandstone  and  that  of  the  adjoin- 
ing area,  and  he  had  close  search  made  for  fossils,  from  the  evidence  of  which 
there  was  no  longer  any  doubt  of  those  rocks  being  on  the  horizon  of  the 
regular  coal  measures.  He  then  at  onco  marked  sites  for  trial  borings ;  and  these 
were  carried  out  with  very  commendable  expedition  by  the  local  authorities.  The 
results  as  to  the  extent,  thickness,  and  quality  of  the  coal  are  very  promising. 
A  notice  of  these  borings  was  given  by  Mr.  Hughes  in  the  Records  for  August 
last.  Railway  surveys  are  now  being  made  for  a  line  from  Katni  to  the  coal 
field. 

The  field  thus  opened  to  enterprise  is  very  extensive.  Umaria  is  the  nearest 
possible  source  of  coal  for  the  North-Western  Provinces ;  and  immediately  east 
of  it  lies  the  immense  coal  field  of   Sohagpur,  which   district  is  also  rich   in 
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agricultural  produce  and  the  natural  entrep6t  for  the  Burrounding  forest  tracts. 
From  Sohagpur  southwards  lies  the  least  difficult  line  of  communication  between 
northern  and  southern  India,  into  the  plains  of  Chhattisgarh,  leading  down 
the  Mdhanadi  valley  to  Cuttack,  and  up  it  over  the  plateau  of  Bastor  to 
Vizagapatam. 

Not  the  least  important  result  of  this  new  opening  is  the  opportunity  it  gives 
for  successful  iron  manufacture.  I  know  of  no  spot  in  India  where  there  is 
such  an  abundant  supply  of  a  variety  of  first  class  iron  ores  as  in  the  neighbour- 
hood of  Katni.  Much  of  the  lime  now  used  in  Calcutta  comes  from  Klatni,  and 
oiher  requisites  will  probably  be  forthcoming,  if  the  coal  fulfils  our  expectations. 

Mr.  Hughes  extended  his  survey  of  the  Sohdgpur  coal  field  eastwards  into 
Sirgnjah.  He  reports  in  very  encouraging  terms  of  the  services  rendered  by 
Sub-Assistant  Hira  Lai. 

In  the   annual  report  for  1877   (Rec.  XI,  p.  7)  a  notice  was   given   of  the 

explorations  for  coal  in  the   Satpura   region  carried  on 
^  BOTiMoa!^^^  by  the  Central  Provinces  Government  under  my   advice  ; 

and  the  concluding  operations  of  those  trials   are  given  at 

page  97  of  the  Records  for  1879  (Vol.  XII).     Most  of  those  trials  were  near 

the   northern   edge    of    the  basin  close   to  the   Narbada  valley,    and  four  of 

them  were   in  interior  valleys.     In   every  case  the  object  was  to  find  the  coal 

measures  themselves,  for  the  borings  all  started  in  rocks  known  to  be  of  later 

formation,  and  in  one  case  only,  that  close  to  Mohpani,  was  there  an  outcrop  of 

the  coal  measures  anywhere  near.     None  of  them  were   successful  ;   and   it  was 

then  pointed  out  that  the  nearest  ground  where  there  was  a  direct  prospect  of 

coal  was  in  the  Shahpur  field  on  the  south  side  of   the  basin.     The  coal  outcrops 

there   had   been  reported  on  separately  by  tliree  officers  of  the  Survey  (in  1859, 

1866,  and  1875),  but  none  held  out  any  promise  of  valuable  seams.     The  latest  of 

these  surveys  was  by  me  (published  with  a  map  in  Vol.  VIII  of  the  Recoitis), 

and  I  then  marked  three  sites  for  borings  in  different  parts  of  the  field,  in  view 

of  futui*e  experimental   exploration.     These  trials  were  taken  up  in  February 

1881,  by  the   Public  Works   Department  of  the  Central  Provinces,  and  the  last 

of  them  was  closed  on  the  11th  of   October  1882   under  my   instructions.     Two 

of  them  were  made  to  a  depth  of  400  feet,  and  the   third  to  539   feet.     They  all 

passed  through  several  coaly  seams,  with  some  thin  bands  of  coal ;  but  none 

were  of  sufficient   promise   to    recommend    the   sinking  of   a  trial    shaft.     I 

believe  that  all  the  coal-bearing  measures  were  passed  through  in  each  boring, 

but  the  scams  are  even   poorer  than  at  their  outcrops.     The  coal  prospects  in 

the   Sdtpura  basin    are  thus    for  the  present  reduced    (besides  the   Mohpdni 

mines)  to  the  Pench  valley  field,  of  which  Mr.  Blanf  ord  gave  a  very  encouraging 

report  in  1866  (Records,  Vol.  XV,  pt.  2,  1882).     This  field  has  naturally  been  left 

to  the  last  on  account  of  its  compai'ative  inaccessibility  ;  but  the  engineering 

difficulticd  to  be  overcome  are  nothing  like  so  great  as  those  on  the  new  Indore  and 

Bhopal   State   Railways,   and  a  line  from  Itarsi  up  the  Tawa  valley  to    the 

Pench  would  be  in  every  respect  the  most  favourable  for  crossing  the   Sdtpura 

range  between  the  Narbada  valley  and  Nagpur.    Such  a  line  would  pass  along 

the  Shahpur  coal  field,  and  might  lead  to  a  further  exploration  of  those  measures. 
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The  cretacoons  coal  field  of  Daranggiri  in  the  Garo  hills,  reported  on  by  Mi'. 

Assam  :  Dahanqoim        LaTottche  (Records,  Vol.  XV,  pt.  3)  during  last  season, 

COAL  TiBLD.  pTovcd  qulte  as  good  as  was  expected;  the  quantity  is  very 

Mr.  LaTouche,  considerable  and  the  quality  very  serviceable  ;  but  if  the 

ompany  now  engaged  in  opening  out  the  coal  fields  of  Upper  Assam  achieves 
ny thing  like  the  service  it  proposes,  it  would  scarcely  pay  to  work  the  much 
iferior  coal  of  Daranggiri.  Mr.  LaTouche  is  now  engaged  in  tracing  the  coal  of 
iie  Jaintia  hills  eastwards,  with  reference  to  a  project  for  a  railway  through 
Torth  Cachar. 

Mr.  Foote  was  engaged  in  the  districts  of  Mddura  and  Tinnevelly,  principally 
SouTHESN  India.  ^^  completing  his  map  of  the  coastal  region,  and  joining 

,^    ^    ,  this  work  with  that  of  Mr.   Kine:  in  Travancore.     The 

Mr.  FboU.  ... 

principal  features  of  the  ground  had  been  examined  in 

►revious  seasons,  so  there  is  nothing  particular  to  be  noticed.     A  detailed  account 

f  this  large  area  will  be  published  during  the  current  year.     Late  in  the  season 

ifr.  Foote  made  a  traverse  across  part  of  the  Mysore  gold  fields,  an  account  of 

trhich  is  published  in  the  Records  for  November. 

An  object  of  much  interest  has  long  been  awaiting  investigation  in  the  Madras 

^         ^  ^  Presidency,  in   the  osseous  cave-deposits  of  the  Kamtil 

BiLLA-SiTBOAM  Caves.  "^  .  i  i     . 

district.     This  interest  is  more  than  geological ;  at  least, 

or  a  large  section  of  the  intelligent  public  early  pre-historic  man  is  their  only 
ink  with  geological  studies.  India  has  been  a  focus  of  great  expectation  in  this 
natter,  upon  the  assumed  evolutional  principle  that  the  natural  conditions  in 
ropical  or  sub-tropical  regions  were  most  favourable  for  organic  development,  and 
)ecause  the  earliest  known  civilisations  had  arisen  in  such  regions.  Nine  years 
kgo,  in  1873,  there  was  a  momentary  confirmation  of  those  hopes,  when  an  un- 
loubtedly  manufactured  stone  implement  was  found  by  Mr.  Hackot  in  the  beds  of 
he  Narbada  valley  containing  renaains  of  extinct  varieties  of  mammals,  deposits 
vhich  had  been  considered  by  Falkoner  and  Dr.  Oldham  on  palajontological  grounds 
18  of  pliocene  age.  This  *find'  (the  word  'discovery'  might  well  be  reserved  for 
;he  fruits  of  mental  effort)  gave  fresh  interest  to  the  question  of  age  of  the 
Narbada  osseous  gravels,  and  from  a  purely  geological  (stratigraphical)  discussion 
[  gave  reasons  (Records,  Vol.  VI,  pt.  3)  showing  that  they  are  probably  of  late 
post-tertiary  time — a  view  that  has  since  been  adopted.  At  the  same  time  I 
ventured  to  impugn  the  a  priori  doctrine  as  to  the  birth-place  of  mankind,  sug- 
^ting  that,  although  the  remains  of  the  most  man-like  monkey  might  be  found  in 
bropical  regions,  we  might  rather  expect  to  find  traces  of  the  most  monkey-like 
man  where  now  the  least  monkey-like  men  are  found  to  flourish,  taking  mind  as 
the  characteristic.  The  early  civilised  peoples  of  tropical  countries  were  probably 
not  indigenous. 

The  cave-test  has  still  to  be  applied.     Some  of  the  most  interestiDg  early 

human  remains  have  been  found  in  cave-deposits  ;  and   under  the  inspiration  of 

the  doctrine  aforesaid,  a  party  was  got  up  a  couple  of  yeai-s  ago  at  private  ex- 

penae  to  explore  caves  in  Borneo ;  but  the  success  has  not  fulfilled  the  expectations. 

-^part  the  human  question  altogether  (the  special  urgency  of  which  is  now  rather 

popular  than  scientific),  great  biological  interest  attaches  to  any  rich  deposit  of 
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mammalian  remains,  and  I  am  strongly  nrged  to  take  some  steps  to  have  the 
Kamul  caves  explored,  for  there  can  be  no  doubt  of  the  information  regarding 
them  as  announced  by  the  distinguished  pioneer  of  geology  in  Southern  India, 
Captain  Newbold,  F.R.S.  I  have  never  failed  to  appreciate  the  importance  of 
this  matter,  though  I  am  aware  of  an  impression  abroad  that  I  disregard  palsBon- 
tological  interests,  for  which  supposition  there  can  be  no  better  foundation  than 
that  I  have  never  cared  to  dabble  in  matters  that  can  only  be  profitably  handled  by 
experts.  In  October  1876,  within  six  months  of  my  taking  charge  of  the  Survey, 
I  made  official  inquiries  regarding  the  Billa-Surgam  caves,  as  no  notice  was  made 
of  their  whereabouts  in  the  memoir  and  map  desci*iptive  of  the  Kadapa  and 
Kamiil  basin  by  Messrs.  King  and  Foote.  I  intended  that  Mr.  Lydekker  should 
visit  iihe  caves  and  report  with  a  view  to  further  exploration.  The  Madras 
famine  supervened,  and  no  later  opportunity  offered  without  too  great  a  sacrifice  of 
current  work. 

Mr.  Blanford  makes  conspicuous  mention  of  these  caves  in  the  Manual  of 
the  Geology  of  India  (page  381).  Captain  Newbold  in  1844  described  them  as 
situated  in  latitude  15°  25',  longitude  78°  15',  which  should  be,  as  taken  from  a 
map  of  that  date  (Indian  Atlas,  Sheet  No.  76,  of  1842),  about  7  miles  to  north-by- 
west  from  Banaganpilli.  In  the  answer  I  received  (dated  10th  January  1877) 
from  the  Collector  of  Elamul,  this  officer  says  : — "  There  is  no  place  near  Banagan- 
pilli which  goes  by  the  name  of  Billa-Surgam  and  noted  for  any  caves  containing 
fossil  stones.  There  is,  however,  a  village  called  Bilum,  7  miles  south-east 
of  Owk  in  the  Koilkuntla  taluk,  containing  some  caves,  but  the  Deputy  Collector 
who  inspected  them  says  they  contain  only  slate  stones."  This  position  would  be 
about  12  miles  to  south-by-west  of  Banaganpilli.  Both  these  spots  are  in  the 
Jamalmadgu  limestone,  of  Messrs.  King  and  Footers  classification,  described  by 
Newbold  as  the  *  diamond  limestone.* 

It  is  most  unlikely  that  an  error  of  18  miles  would  occur  in  his  descrip- 
tion of  the  position,  but  the  coincidence  of  the  similar  name  and  the  caves  gives  a 
strong  presumption  that  Bilum  is  Newbold*s  locality,  and  that  there  is  a  printer's 
error  in  the  statement  of  the  latitude.  Ho  describes  the  mouths  of  the  caves  as 
from  46  to  60  feet  high,  falling  rapidly  to  passages  which  it  is  necessary  to 
traverse  on  hands  and  knees.  This  obscurity  as  to  the  occurrence  of  the  caves 
offers  some  explanation  of  the  omission  of  any  mention  of  them  in  the  published 
description  of  that  ground ;  but  I  would  notice  the  circumstance  as  an  illustration 
of  the  condition  of  our  work  in  India,  the  imperative  object  being  to  furnish  in 
the  first  instance  and  as  soon  as  possible  a  good  general  sketch  of  the  geology  of 
India.  Had  our  geologists  taken  in  '  cave-hunting '  and  the  like,  the  map  and 
manual  published  in  1879  might  have  appeared  about  the  year  3000.  There  is, 
however,  no  failure  of  apprehension  as  to  the  supreme  importance  to  advanced 
science  of  more  detailed  researches,  and  I  hope  to  find  an  early  opportunity  for  the 
exploration  of  the  Billa-Surgam  caves. 

Mr.  Bose's  second  season's  work  in  this  ground  has  not  added  much  to  the 

Khandbsh  •  fossil  evidence  upon  which  he  indicated  a  correlation  of  the 

CRBTACK0U8 :  uppcr  bcds  with  the  threefold  division  of  the  cretaceous 

Mr.  Bote.  rocks  of  Southern  India,  relegating  the  underlying  Nim^r 
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sandstone  to  a  lower  cretaceous  horizon,  as  mentioned  in  last  year's  annual 
report ;  nor  is  there  any  fresh  observation  to  disturb  that  suggested  arrange- 
ment. He  gives  some  interesting  facts  showing  the  association  of  the  Lameta 
beds  with  agglomerates  of  the  trappean  period  ;  and  his  microscopic  examination 
of  the  traps  themselves  has  thrown  new  light  upon  the  constitution  of  some  of  their 
subordinate  varieties.  When  Mr.  Bose  was  sent  to  that  ground,  it  was  hoped 
(without  authority)  that  the  new  maps  containing  the  north-western  and  south- 
western extensions  of  the  cretaceous  deposits  in  the  Bewa-Kanta  coantry  would 
be  available,  so  that  the  geological  region  might  be  described  in  one  memoir. 
As  there  is  even  now  no  near  prospect  of  those  topographical  maps  being 
completed,  Mr.  6ose*s  work  will  be  published  up  to  date. 

In  extension  of  his  previous  survey,  Mr.    Hacket  took  up  work  in  the  wilder 
Ra JPUTAKA ;  parts  of  the  Arvali  range  in  southern  Meywar,  but  in  the 

Mr.  Haeket.  end  of  January  he  was  warned  by  the  Political  Agent 

that  it  would  not  be  safe  for  him  to  continue  in  that  part  of  the  country  on 
account  of  the  unquiet  state  of  the  Bhils.  Mr.  Hacket  employed  the  rest  of  the 
season  very  usefully  in  examining  some  intricate  features  along  the  Vindyan 
boundary  to  the  north-east  of  Neemuch. 

Sub-Assistant  Kishen  Singh  has  mapped  a  large  area  of  the  plateau  of 
Malwa  trap  and  Yindhyans  about  and  north  of  Goona.  The  boundaries  are, 
I  believe,  suflBciently  approximate  for  those  formations,  and  for  present  purposes  ; 
but  little  or  no  information  is  given  regarding  the  rock  features  upon  which  a 
description  of  the  area  could  be  given. 

Mr.  Fedden  surveyed  a  large  area  along  the  coastal  region,  from  Bhavnagar 
Katttwab  ;  to  Madhapur,  mostly  of  trap  and  post-tertiary  rocks,  with 

Mr.  Fedden,  a  remnant  of   tertiary  beds  on  the  western  sea-margin. 

A  few  fossils  were  obtained  from  these  at  Piram  (Perim)  Island.  The  ossiferous 
conglomerates  of  this  well-known  locality  are  the  highest  beds  of  the  section ; 
but  Mr.  Fedden  considers  them  to  be  closely  associated  with  the  deposits  con- 
taining marine  shells  forming  the  adjoining  coast,  which  he  correlates  with  the 
G4j  horizon  (of  Sind).  At  Gogha,  a  little  north  of  Piram,  a  boring  was  once 
made  in  these  strata  to  a  depth  of  355  feet,  stiff  blue  clay  being  the  prevailing 
rock  in  the  lower  portion. 

The  principal  object  of  Mr.  Blanford's  work  in  the  field  season  1881-82  was 

The  North-Wbsi         ^  endeavour  to  trace  northward  the  well-marked  series 

Fbontieb;  of  tertiary  rocks  found  in  Sind,  and  to  follow  the  continua- 

Mr.  Blanford.  tion  of  them,  if  possible,  into  the  Punjab,  where  there  is 

not  the  same  clue  to  classification  in  the  presence  of  marine  beds  above  the 

eocene. 

Before  taking  up  this  work,  Mr.  Blanford  was  called  upon  to  report  again  upon 
the  coal  deposits  to  the  west  of  Sibi ;  so  he  marched  by  the  Bolan  pass  to  Quetta, 
examining  the  coal  seams  of  Mach  on  the  road.  From  Quetta  to  Sibi  he 
returned  by  the  Harnai  route,  and  visited  the  Sharag  (or  Sharigh)  coal  locality. 
From  Sibi  he  skirted  the  western  boundary  of  the  Bhugti  Hills,  and  then  marched 
from  Jacobabad  to  Harrand  in  the  Punjab,  through  the  heart  of  the  Bhugti 
country.    From  Harrand  he  proceeded  northward  along  the  eastern  fiank  of  the 
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Sulimdn  range,  to  some  distance  north  of  Dera  Ghuzi  Khan.  Here,  in  the 
middle  of  Fobrnary,  a  severe  attack  of  fever  and  liver  compelled  him  to  leave  the 
field,  and  he  shortly  afterwards  returned  to  Calcutta  and  ^as  obliged  to  go  to 
EuroI)e  on  medical  certificate. 

A  note,  containing  the  results  of  Mr.  Blanford*s  examination  of  the  coal  soams 
at  Mach  and  Sharag  was  published  in  Part  3  of  the  Records  for  1882.     Ho  con- 
siders the  quality  of  the  coal  fair,  but  the  quantity  is  insufficient  for  commercial 
purposes.     The   other  results    of  his  season's  observations  have  been,  besides 
making  some  important  alterations  in  Mr.  Griosbach's  work  about  Quetta,  to 
effect  a  preliminary  exploration  of  the  country  from  Quetta  to  Dera  Ghazi  Khin, 
and  to  show  that  the  post-eocene  marine  deposits  of  Sind  do  not  continue  north 
to  the  Punjab  border.     One  of  the  unfossiliforous  groups,  however, — the  Upper 
^{i^, — is  apparently  persistent,  and  the  uppermost  system,  Siwalik  or  Manchar, 
can  be  sub-divided,  so  that  it  is  practicable  to  classify  the  rocks  to  a  certain  extent. 
It  was  found  that  the  main  chain  of  the   Suliman  is  composed  of  hard  whitish 
sandstones,  apparently  cretaceous,  overlying  limestones  and  limestone-shales,  with 
a  few  fossils  belonging  to  the  same  system. 

Had  the  work  not  been  interrupted  by  illness  near  Dera  Ghazi  Khan,  Mr. 
Blanford  would  only  have  been  able  to  examine  the  Suliman  range  for  about  30 
miles  further  north.  The  whole  of  the  area  examined  was  beyond  the  British 
frontier ;  but,  whereas,  up  to  a  certain  point,  a  little  north  of  that  reached,  access 
was  practicable  with  the  aid  of  the  district  officers  and  a  small  escort,  further 
north  the  country  is  inhabited  by  Afghans,  and  is  consequently  inaccessible 
to  Europeans.  It  may,  consequently,  be  considered  that  the  greater  portion  of 
the  gap  between  Sind  and  the  Punjab  has  been  bridged  over,  so  far  as  is  practi- 
cable. 

Some  interesting  fossils,  mammalian  and  molluscan,  were  obtained  from  Lower 

Siwalik  beds,  at  localities  discovered  by  Captain  Vicary  nearly  40  years  ago  in 
the  Bhugti  hills.    Mr.  Blanf ord's  descriptive  memoir,  with  a  map,  will  be  published 

shortly. 

On  the  termination  of  his  short  leave  in  England  Mr.   Griesbach  obtained 

permission  to  visit  some  places  on  the  Continent,  in  order 
Middle  Himalaya  :        ^^  ^^^  ^^i^ii  process  would  be  best  for  the  reproduction  of 

his  views  of  Himalayan  sections ;  but  chiefly  that  he  might 
examine  certain  foreign  collections  of  fossils  from  the  Himalaya  and  other 
parts  of  Asia  for  comparison  with  his  own  collection.  On  both  points  his 
trip  was  very  serviceable ;  the  collections  made  in  Armenia  by  Staatsrath  von 
Abich  proved  especially  interesting,  as  having  close  relation  to  the  fossils  from 
certain  zones  in  the  Himalayan  sections.  Owing  to  some  unforeseen  official 
delays  Mr.  Griesbach  was  a  little  late  in  returning  to  India,  which  caused  him 
much  discomfort  in  having  to  cross  the  outer  ranges  of  mountains  after  the 
rains  had  set  in.  With  the  Bhoteas  of  the  frontier  ISlv.  Griesbach  experienced 
the  usual  difficulties  in  mxiking  arrangements  for  transport  in  the  high  unin- 
habited regions  where  his  work  principally  lies.  All  his  endeavours  were  in  this 
way  frustrated  to  cross  the  Mana  pass,  so  he  had  to  cover  all  the  ground  he  could 
reach  in  that  direction  from  the  Niti  pass,  and  then  move  toNilang,  where  he  had 
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better  success  in  making  excursions  northwards.  The  season  was  so  far  advanced 
tliat  the  Tibetan  guards  had  left  their  stations  beyond  the  passes,  so  this  obstruc- 
tion was  removed,  but  the  cold  was  intense. 

Air.  Oldham  accomplished  all  that  could  be  expected  from  his  excursion  with 

the  Manipur-Burma  Boundary  Commission,  having  made 
a  complete  traverse  of  the  main  range  into  the  great 
alluvial  and  tertiary  basin  of  the  Ningthi  (?  Namtonai 
of  older  maps)  or  Chindwin  (Kyen-dwen),  which  seems  to  be  a  principal 
tributary  of  the  Irrawadi.  If  there  is  any  disappointment  in  the  result,  the 
credit  (or  discredit)  of  it  must  be  set  down  to  mistaken  imagination,  and  I  must 
confess  to  having  made  that  mistake.  I  had,  I  may  say,  hoped  that  the  Ai*acan 
Yoma  of  Mr.  Theobald's  Pegu  Report  would  expand  northwards  as  it  approached 
the  Himalayan  massif  ;  and  that  a  deeper  rock-soction  would  be  exposed,  with 
perhaps  a  core  of  crystalline  rocks,  having  their  roots,  even  in  outcrop,  conflu- 
ent with  those  of  the  great  Himalayan  elevation.  The  fact  is  just  the  reverse. 
Here,  too,  no  fossils  were  found ;  but  the  rocks  are  with  great  probability  identi- 
fiable with  those  400  miles  to  the  south,  even  to  the  serpentinous  intrusive 
masses.  Mr.  Oldham  supplemented  his  east- west  traverse  by  marching  from 
Manipur  northward  to  Kohima  in  the  Naga  Hills,  returning  by  the  Assam 
Valley,  and  he  found  that  newer  tertiary  rocks  encroach  more  and  more  towards 
the  axis  of  the  range ;  so  that  it  seems  as  if  the  older  rocks  may  soon  be  alto- 
gether suppressed  in  that  direction.  It  thus  appears  that  this  range  is  altogether 
a  secondary  one,  a  mere  fender  of  the  great  Malayan  crystalline  axis.  I  need 
hardly  add  that  I  am  more  satisfied  than  if  my  prognostic  had  proved  connect. 
Mr.  Oldham's  report  has  been  ready  since  July,  but  there  is  some  delay  in 
procuring  a  map  of  the  topographical  survey  of  the  new  ground. 

Publications, — Two  parts  of  Volume  XIX  of  the  Memoirs  were  published 
during  the  year.  The  first  is  a  description,  with  numerous  illustrations,  of  the 
Cachar  cai*thquake  of  1869.  The  descriptive  part  was  written  shortly  after 
the  event  by  the  late  Dr.  Oldham,  from  observations  made  by  himself  on  the 
spot.  The  discussion  of  the  data  was  supplied,  and  the  whole  edited,  by  Mr. 
li.  D.  Oldham.  Part  2  is  a  descriptive  catalogue  of  the  thermal  springs  of 
India,  and  Part  3  (now  in  the  Press)  is  a  descriptive  catalogue  of  Indian  earth- 
quakes. These  also  were  compiled  by  •  Dr.  Oldham ;  the  data  have  now  been 
reused  and  illustrative  maps  prepared  by  Mr.  R.  D.  Oldham.  These  publica- 
tions form  a  good  starting  point  for  seismological  observation  in  India,  pre- 
parations for  which  on  a  small  scale  are  now  in  hand.  Several  other  memoirs 
are  well  advanced  towards  publication,  by  Mr.  Blanford,  on  the  country  between 
Quetta  and  Dera-Ghazi-Khan  ;  by  Mr.  Foote  on  a  large  area  between  Trichinopoli 
and  Cape  Comorin ;  and  by  Mr.  Oldham  on  parts  of  Manipur  and  the  Naga 
Hills. 

Volume  XV  of  the  Records  for  1882  contains  numerous  (28)  papers  of  more 
or  less  practical  importance  or  of  scientific  intei*est. 

Five  fasciculi  of  the  Pala30ntologia  Indica  were  brought  out  during  the  year : — 
Part  1,  Vol.  IV,  of  the  Gondwaua  Flora  by  Dr.  Feistmuutul  gives  a  description  of 
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the  fossil-flora  of  the  south  Rewah  basin.  Mr.  Lydekker  describes  the  Siwalik 
and  Narbada  EquidaB  in  Vol.  II,  part  3  of  the  Tertiary  Vertebrata  series.  Dr. 
Waagen's  first  fiasciculus  on  the  Brachiopoda  of  the  Productns-limestone  in  the 
Salt-range  is  but  a  small  instalment  of  this  section  of  his  work ;  but  I  have 
already  received  30  plates  of  the  sequel.  The  Brachiopoda  form  the  most  numerous 
and  most  intricate  portion  of  this  group  of  fossils,  and  the  exhaustive  study  Dr. 
Waagen  is  giving  of  them  will,  I  have  no  doubt,  be  gratefully  acknowledged 
by  all  paleBontologists.  Two  fasciculi  on  the  fossil  Echinoidea  of  Sind  are 
contributed  by  Dr.  Martin  Duncan  and  Mr.  Percy  Sladen,  to  whom  the  Survey 
is  greatly  indebted  for  their  voluntary  assistance  in  this  important  branch  of 
palffiontological  research. 

Museum, — Of  all  field  work  in  progress,  the  corresponding  collections  of  speci- 
mens have  been  kept  up  to  date.  A  full  descriptive  catalogue  of  the  systematic 
series  of  minerals  by  Mr.  Mallet  is  nearly  through  the  Press. 

Library, — The  additions  to  the  library  were  1,461  volumes  or  parts  of  Vo- 
lumes ;  665  by  purchase  and  796  by  donation  or  exchange.  The  titles  of  all  these 
books  as  received  are  published  regularly  in  the  Quarterly  Records.  I  think  I 
can  promise  that  the  catalogue  will  be  in  print  by  the  end  of  the  present  year. 
The  preparation  of  it  can  only  be  carried  on  in  the  intei*vals  of  current  work. 

Mining  Records, — One  mining  plan  was  received  during  the  year,  from  the 
Baniganj  Coal  Association. 

Seismological  Observations, — Proposals  have  been  made  before  now  to  estab- 
lish seismometers  in  certain  parts  of^India  that  are  subject  to  comparatively  fre- 
quent earthquakes.  A  chief  difficulty  has  been,  and  must  continue  to  be,  to 
find  competent  and  trustworthy  observers  at  the  suitable  places.  A  small 
expenditure  for  the  purpofle  has  now  been  sanctioned,  enough  to  set  up  some 
simple  seismometers  at  a  few  stations  in  north-east  Bengal  and  Assam  where 
meteorological  stations  are  already  established,  through  which  agency  it  is  hoped 
some  observations  may  be  secured* 

Personnel, — Mr.  Blanford  was  obliged  to  take  sick  leave  to  Europe  on  the  25th 
of  April,  and,  under  medical  advice,  he  has  since  been  compelled  to  retire  from 
the  service,  as  no  longer  able  to  endure  the  exposure  and  fatigue  required  of  the 
field  geologist  in  India.  After  27  years  of  so  arduous  a  life  this  result  is  not 
surprising ;  he  joined  his  appointment  in  India  on  the  1st  of  October  1855.  From 
the  beginning  of  his  service,  Mr.  Blanford  took  a  leading  part  in  the  work  of 
the  Survey  ;  his  report  on  the  Talchir  coal  field  is  the  first  paper  in  our  Memoirs, 
which  have  now  extended  to  19  volumes,  containing  numerous  contributions  from 
him.  Besides  his  regular  geological  labours  Mr.  Blanford  has  done  much  work 
for  the  zoology  of  India,  on  which  he  is  now  a  leading  authority.  He  was  twice 
deputed  on  missions  out  of  India, — with  the  army  to  Abyssinia,  and  with  the 
Seistan  Boundary  Commission  to  Persia.  Of  his  researches  in  both  countries  he 
published  a  full  account.  He  was  twice  (in  1878  and  1879)  elected  President  of  the 
Asiatic  Society  of  Bengal,  an  honour  never  previously  conferred  on  an  officer  of 
his  standing.  So  long  ago  as  1874,  he  was  elected  (at  his  first  nomination)  a 
Fellow  of  the  Royal   Society,  which  is  the  highest  non-official  distinction  an 
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Englishman  can  receive.  In  1876,  Dr.  Oldham,  on  retirement,  recommended 
Mr.  Blanford  to  be  his  snccessor  as  Superintendent  of  the  Geological  Survey  of 
India ;  of  this  he  was  only  deprived  by  a  small  matter  of  seniority,  and  in  recog- 
nition of  his  high  claims  Government  rewarded  him  with  a  special  personal  re- 
muneration above  the  pay  of  his  appointment.  Personally,  as  well  as  profession- 
ally, Mr.  Blanford's  departure  will  be  much  regretted  by  his  colleagues  in  the 
Survey. 

Mr.  Eling  was  absent  on  furlough  for  the  whole  year.  Mr.  Wynne  was 
obliged  to  take  successive  extensions  of  sick  leave,  and  is  still  absent.  Mr.  Hughes 
obtained  six  months'  leave  dn  urgent  private  affairs  on  the  8th  June,  which  has 
been  extended  in  England  for  three  months.  Mr.  Hacket  left  on  'furlough  for 
two  years  on  the  20th  November.  Mr.  Lydekker  was  granted  six  months'  leave 
on  urgent  private  affairs  from  the  2nd  March,  and  subsequently  by  the  Secretary 
of  State  an  extension  for  one  year  without  pay.  Privilege  leave  for  various 
periods   was  granted :     Mr.   Mallet  42   days.   Dr.   Feistmantcl  40    days,    and 

Mr.  Medlicott  3  months. 

H.  B.  MEDLICOTT, 

Superintendent^  Geological  Survey  of  India. 
Calcutta, 

The  23rd  of  January  1883. 

LUt  of  Societies  and  other  Institutions  from  which  Publications  have  been  received 
in  donation  or  exchange  for  the  Library  of  the  Geological  Survey  of  India 
during  the  year  1882. 

Amsterdam. — Netherlands  Colonial  Department. 
Basel  — ^Natural  History  Society. 
B  ATA  VIA. — Batavian  Society  of  Arts  and  Sciences. 

„  Hoyal  Natural  History  Society,  Netherlands. 

Belfast. — Natural  History  Society. 
Berlin. — German  Geological  Society. 

„  Boyal  Prussian  Academy  of  Science. 

Bologna. — Academy  of  Sciences. 
Bombay. — ^Meteorological  Department,  Western  India. 
Boston. — American  Academy  of  Arts  and  Sciences. 
„  Society  of  Natural  History. 

Breslau. — Silesian  Society  of  Natural  History. 
Bristol. — Bristol  Museum. 

„  „      Naturalists'  Society. 

Brussels. — Greological  Survey  of  Belgium. 

„  Royal  Geographical  Society  of  Belgium. 

„  Boyal  Malacological  Society. 

„  Hoyal  Natural  History  Museum  of  Belgium. 

Budapest. — Geological  Institute,  Hungary, 
Buffalo. — Society  of  Natural  Sciences. 
Caen. — Linnean  Society  of  Normandy. 
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Calcutta. — ^Agricultural  and  Horticultural  Society. 
Asiatic  Society  of  Bengal. 
Marine  Surv^ey. 

Meteorological  Department,  Qovemment  of  India. 
Cambbidgb  (Mass.). — Museum  of  Comparative  Zoology. 
Casskl. — Society  of  Natural  History. 
CuRisTiANiA. — Editorial  Committee,  Norwegian  North  Atlantic  Expedi- 
tion. 
„        L' Association  Geodosique  Internationale  Commission  de  1ft 
Norv^ge. 
Copenhagen. — Royal  Danish  Academy. 
Dkksden. — Isis  Society. 
DiTBLiN.— Royal  Geological  Society  of  Ireland. 
Royal  Dublin  Society. 
Royal  Irish  Academy. 
Edinburgh. — Royal  Scottish  Society  of  Arts. 

Royal  Society  of  Edinbui*gh. 
Signet  Library. 
Geneva. — Physical  and  Natural  History  Society. 
Glasgow. — Geological  Society. 
„  Philosophical  Society. 

GoTTiNGEN. — Royal  Society. 

Halle. — Natural  History  Society. 
Harrisburo. — Geological  Survey  of  Pennsylvania. 
Lausanne. — ^Vandois  Society  of  Natural  Science. 
Liege. — Geological  Society  of  Belgium. 
London. — Geological  Society. 

„  Iron  and  Steel  Institute. 

Linnean  Society. 
Royal  Asiatic  Society. 
Royal  Geographical  Society. 
Royal  Institute  of  Great  Britain. 
Royal  Society. 
Society  of  Arts. 
Zoological  Society. 
Lyons. — ^Museum  of  Natural  Science. 
Madison. — Superintendent  of  Public  Property. 
Madrid. — Geographical  Society. 
Manchester. — Greological  Society. 
Melbourne. — ^Mining  Department,  Victoria. 
„  Royal  Society  of  Victoria. 

Milan. — ^Italian  Society  of  Natural  Science. 
„  Royal  Institute  of  Lombardy. 

Montreal. — Geological  Survey  of  Canada. 
Moscow. — Imperial  Society  of  Naturalists. 
Nagpur. — Xagpur  Museum. 
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Neuchatel. — Society  of  Natui-al  Sciences. 
Nkwcastle-on-Tyne. — North  of  England  Institute  of  Mining  and  Meclianical 

Engineers. 
New  Haven. — Connecticut  Academy. 

„  American  Journal  of  Science. 

Paris. — Academy  of  Sciences. 

Geological  Society  of  France. 
Indo-Chinese  Society. 
Mining  Department. 
Penzance. — Royal  Geological  Society  of  Cornwall. 
Philadelphia. — Academy  of  Natural  Sciences. 
„  American  Pliilosophical  Society. 

„  Franklin  Institute. 

Pisa. — Society  of  Natural  Sciences,  Tuscany. 
Rome.— Royal  Geological  Commission  of  Italy. 
„        Royal  Academy. 
Roorkee. — Thomason  College  of  Civil  Engineeiing. 
Saint  Petersburg. — Imperial  Academy  of  Sciences. 

„  Imperial  Russian  Mineralogical  Society. 

Salem  (Mass.) — American  Association  for  the  Advancement  of  Scienca 
„  Essex  Institute. 

Shanghai, — ^North  China  Branch,  Royal  Asiatic  Society. 
Singapore. — Straits  Bi'anch,  Royal  Asiatic  Society, 
Sydney. — Australian  Museum. 

„  Department  of  Mines,  New  South  Wales. 

„  Royal  Society  of  New  South  Wales. 

Toronto. — Canadian  Institute. 

ToRiN. — Royal  Academy  of  Science. 
Venice. — Royal  Institute  of  Science,  &c, 
Vienna. — Imperial  Academy  of  Sciences. 
„  Imperial  Geological  Institute. 

Washington. — Smithsonian  Institute. 

„  United  States  Geographical  Survey  west  of  the  100th 

Meridian. 
Wellington. — ^New  Zealand  Institute. 
Yokohama. — Asiatic  Society  of  Japan. 
„  German  Naturalists'  Society. 

The  Governments  of  Bombay,  Madras,  North- Western   Pi-ovinces  and  Oudh 
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On  the  Oenus  Richthofcnia,  Kays,  (Anomia  Lawrenciana,  Koninck,)  by  Williau 

Waaoen,  Ph.D.,  F.Q.S.     {With  2 plates). 

In  one  of  the  later  numbers  of  the  "  Zeitschrift  der  Dentschen  Geologischen 
Gesellschaft,  '*  M.  E.  Kayser  publishes  some  notes  on  the  fossils  of  the  car- 
boniferous limestone  of  Lo-ping  in  China,  collected  by  Baron  Richthofen,  which 
fossils  seem  to  be  rather  similar  in  type  to  those  of  the  Productus-limestone  of  tlie 
Salt-range,  the  description  of  which  is  now  in  progress.  Ho  mentions  one 
fossil  in  particular,  the  Anomta  Lawrenciana  of  deKoninck,  for  which  he  pro- 
poses the  generic  denomination  of  Bichtliofenia, 

M.  Kayser  regards  this  fossil  as  belonging  to  the  Brachiopods,  very  likely 
somewhere  near  ProductHs,  and  this  approximately  agrees  with  what  I  considered 
it  to  be.  I  expressed  this  opinion  in  the  last  remarks  appended  to  the  third 
part  of  my  "  Salt-range  Fossils"  (p.  328)  ;  only  I  was  at  that  time  doubtful 
whether  the  fossil  might  not  as  well  be  considered  a  coral. 

While  preparing  the  description  of  the  Brachiopods  of  the  Salt-range  Pro- 
ductus-limestone,  I  was  obliged  also  to  examine  the  Anmnia  Lawrenciana  more  in 
detail ;  and  the  result  of  this  examination  was  so  remarkable  that  I  think  it  worth 
while  to  give  a  preliminary  notice  of  this  fossil,  together  with  such  figures  as 
will  be  necessary  to  understand  the  description. 

The  fossil  consists,  as  has  been  described  already  by  deKoninck,  of  two 
valves,  one  larger  and  one  smaller  (PI.  II,  /.  7,  8,  9).  The  larger  valve  is  of 
a  conical  shape,  with  the  apex  fastened  to  some  foreign  body  (PL  I,  /.  9).  The 
smaller  valve  is  flat,  a  little  sunk  into  the  lai^er  one.  The  two  valves  articulate 
by  a  rather  short  straight  hinge-line.  This  hinge-line,  however,  does  not  show  in 
the  outer  appearance  of  the  conical  valve  ;  it  is  only  marked  inside  it.  On  both 
sides  of  the  hinge-line,  the  smaller  valve  is  cut  out  in  a  semi-circle  to  receive  thick- 
ened parts  of  the  shell  of  the  larger  valve.  The  outer  side  of  the  larger  valve  is 
rugose,  provided  with  many  concentric  wrinkles,  and  bears  a  variable  number 
of  hollow,  depressed,  diverging,  tortuous  tubes,  which,  on  the  one  hand, 
resemble  the  root-like  appendages  of  some  rugose  corals,  and,  on  the  other,  can  bo 
compared  to  the  hollow  spines  of  some  Producti.  The  resemblance  to  the  latter 
is  chiefly  striking  because  of  the  silky  lustre  of  the  shell-substance  of  which  they 
are  composed.  On  the  whole,  the  shell  of  the  fossil  is  dull  when  quite  intact,  and 
of  a  silky  lustre  when  the  outmost  layer  of  the  shell  is  worn  off.  Then  also 
appears  a  very  close  punctation,  similar  to  that  occurring  in  the  shell  of  Pro- 
duetto,  which  is  barely  visible  to  the  naked  eye. 

The  punctures  are  not  all  equal ;  some  larger  ones  are  disseminated  irregu- 
larly between  great  numbers  of  smaller  ones  (PI.  I,/.  3).  As  has  been  mentioned 
above,  the  punctures  appear  only  when  the  outermost  layers  of  the  shell  are 
removed.  The  punctured  part  does  not  lie  immediately  below  the  epidermoidal 
shell-layer,  but  succeeds  a  very  thin  layer,  also  already  exhibiting  a  silky  lustre, 
which  shows  a  very  close  vertical  stria tion,  and  is  composed  of  numerous  very 
£ne  excavated  lines  (PI,  Ilf /.  8  h).     Sometimes  this  sti'iation  is  even  visible  on 
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6he  outermost  dull  layer  of  the  shell.     Both  these  layers,  the  dull  one  as  well 
as  the  striated  one,^  are  entirely  lost  in  the  greater  number  of  specimens. 

On  the  smaller  (flat)  valve  the  hollow  tabes,  which  are  so  very  characteristic 
of  the  larger  valve,  are  altogether  absent.  When  the  shell-substance  of  this 
valve  is  perfectly  preserved,  it  is  strewn  over  with  very  numerous  small  papill89 
which  project  slightly  from  the  surface  of  the  shell  (PL  11/.  9). 

On  its  interior  side  this  smaller  valve  bears  a  distinct,  but  not  very  high, 
median  septum,  which  extends  from  near  the  margin  opposite  the  hinge- 
line,  to  nearly  the  middle  of  the  valve.  Here,  in  most  specimens,  it  is  re* 
placed  by  two  parallel  ridges,  which  in  other  specimens,  however,  are  combined 
in  one  broader  septum.  On  both  sides  of  these  ridges  large,  more  or  less  rounded 
impressions  appear,  which  are  very  strongly  marked,  and  distinctly  indented  on 
the  side  nearest  the  hinge-line ;  on  the  side  opposite  to  it  they  are  less  strongly 
marked,  but  seem  to  be  also  indented  (PI.  I,  /.  Ic. ;  PI.  II,  /.  2).  On  the  hinge- 
line  itself  there  are,  vertical  to  it,  two  short,  thick  and  prominent  parallel  ridges, 
not  dissimilar  to  hinge-teeth,  which  are,  however,  about  equally  high  through 
their  whole  extent.  They  are  not  in  connection  with  the  median  septum,  but 
are  separated  from  it  by  a  smooth  space.  They  do  not  protrude  much  above 
the  hinge-line.  On  ihe  whole,  they  might  possibly  be  compared  to  the  very 
developed  cardinal  process  of  the  smaller  valve  of  Productus^  but  the  similarity 
is,  in  fact,  only  a  very  distant  one.  On  both  sides  of  these  ridges  not  a  trace  of 
dental  grooves  can  be  observed.  Neither  the  reniform  bodies,  which  are  such 
prominent  features  in  the  smaller  valve  of  Troductus,  nor  distinct  dental  grooves 
exist  on  the  sides  of  the  short  ridges  on  ihe  hinge-line.  Near  the  outer  margin 
of  this  smaller  valve  there  are  thorny  processes,  more  or  less  numerous,  directed 
towards  the  interior  of  the  shell,  similar  to  those  seen  in  some  Producti  (PI.  II« 
/.  2). 

Far  more  complicated  is  ihe  structure  of  the  larger  valve.  It  consists  of  two 
different  parts ;  the  lower,  from  the  apex  of  the  valve  up  to  about  the  middle  of 
its  height,  being  composed  of  very  numerous  narrow  water-chambers,  divided  off 
by  very  thin  shelly  partitions,  and  the  upper  forming  a  large  hollow  for  the 
reception  of  the  animal.  The  partitions  in  the  lower  part  of  the  shell  are  very 
irregular,  exactly  like  the  partitions  existing  in  rugose  corals.  They  are,  on  the 
whole,  convex  below,  and  concave  above ;  not  so,  however,  for  their  whole  extent^ 
as  about  in  their  middle  they  are  bent  upwards,  forming  something  like  a 
columella,  such  as  exists  in  many  corals.  This  formation  of  a  columella  is  caused 
by  the  presence  of  three  vertical  septa  (PL  I,  /.  2,  4,  5),  which  extend  from  the 
apex  of  the  shell,  through  all  the  partitions,  up  to  the  body  chamber.  By  these 
septa  a  vertical  triangular  space  is  divided  off  within  the  larger  valve  of  this 
fossil,  the  base  of  -the  triangle  being  formed  by  the  hinge-line,  whilst  its  apex 
lies  in  the  middle  of  the  shell,  where  the  three  vertical  septa,  which  converge 
towards  this  centre  from  both  ends  of  the  hinge-line,  unite.  The  median  of  the 
three  vertical  septa  extends  from  the  centre  towards  the  hinge-line,  without, 
however,  ever  uniting  with  it.  All  the  space  between  the  vertical  septa  and  the 
hinge-line  is  also  filled  up  by  shelly  partitions. 

The  animal  chamber  (PL  I,/.  I)  is  tolerably  large ;  the  bottom  of  it  is,  however. 
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Ritnated  at  veiy  diffei*ent  levels.  The  triangular  space  marked  off  by  the  vertical 
septa  is  much  more  shallow  than  the  remainder  of  the  chamber ;  but  the  latter 
also  is  not  even,  as  from  the  centre  of  the  shell  a  rounded  crest  extends,  forming 
a  shallow  saddle,  to  the  wall  opposite  the  hinge-line.  On  each  side  of  this  crest 
is  a  deep  hollow  which  occupies  the  whole  lateral  parts  of  the  body  chamber.  The 
whole  bottom  is  covered  by  irregular  tolerably  minute  grooving. 

The  three  vertical  septa  project  into  the  body  chamber  as  three  high  upright 
plates,  which  converge  towards  the  centre  of  the  shell  and  are  highest  near 
this  centre.  Their  upper  margins  are  denticulate.  They  do  not  unite,  but 
remain  somewhat  apart  from  each  other.  On  the  other  side,  between  them  and 
the  hingo-line,  there  is  an  ascending  plane,  none  of  the  plates  thus  reaching 
the  hinge-line.  Of  these  plates  or  septa,  the  median  one  is  the  highest.  The  two 
lateral  are  limited  on  their  inner  side  by  very  deep  narrow  grooves ;  from  the 
median  one,  on  the  contrary,  on  both  sides  start  some  low  secondary  septa,  which 
show,  on  the  whole,  a  pinnate  arrangement.  They  disappear  again,  however, 
before  reaching  the  gloves  mentioned  above. 

The  hinge-line  is  quite  straight,  and  shows  only  in  the  middle  a  slight  round- 
ed sinuation  for  the  reception  of  the  two  thick  terminating  branches  of  the 
median  septum  in  the  smaller  valve.  Not  a  trace  of  any  kind  of  teeth  for 
articulation  with  the  smaller  valve  is  observable. 

The  inside  of  the  outer  walls  of  the  body  chamber  is  provided  at  very  irreg- 
ular and  unequal  distances,  with  tolerably  broad  and  sharp,  but  not  very  promi- 
nent vertical  septa,  some  of  which  begin  a  short  distance  below  the  upper  border 
of  the  chamber,  and  disappear  before  reaching  the  bottom,  whilst  others  begin 
lower  down  and  then  reach  down  to  the  bottom  of  the  chamber.  The  upper 
termination  of  each  of  them  bears  a  round  foramen,  which  forms  the  entrance  to 
the  hollow  tubes  which  can  be  observed  on  the  outer  side  of  the  shell  and  have 
been  mentioned  above  (PL  I,  fig.  2).  This  foramen,  however,  does  not  pierce 
the  wall  directly,  but  the  tube  descends  nearly  vertically  and  appears  only 
in  the  vicinity  of  the  apex  at  the  outer  side  of  the  shell. 

All  round  the  upper  border  of  the  animal-chamber  a  thickened  margin  can 
be  observed,  which  has  some  similarity  to  a  pallial  impression  (PI.  I,  figs.  1,  8). 
Of  muscular  scars  nothing  can  be  observed  either  on  the  bottom  or  on  the  walls 
of  the  chamber. 

The  substance  of  the  shell  is  of  a  very  singular  structure.  It  is  composed  in 
the  larger  conical  valve  of  three  layers.  The  outer  one  is  very  thin,  dull  and 
compact  outside,  and  of  a  silky  lustre  inside,  provided  with  the  characteristic 
striation  and  punctation  mentioned  above.  The  median  layer,  the  thickest  of 
all,  though  very  irregular  in  its  thickness,  is  composed  of  approximately  hemi. 
spherical  cells,  such  as  can  be  observed  in  many  rugose  corals  when  the  radial 
septa  have  been  obliterated  (PI.  I,  figs.  2,  7  ;  PI.  II,  figs.  1,  5).  These  cells 
are  arranged  in  ascending  radial  rows,  and  are  interrupted  at  intervals  by  per- 
fectly 8ti*aight,  radial,  very  pointedly  conical  shelly  parts  (PI.  II,  fig.  4) 
which  require  further  explanation.  They  begin  on  the  outer  shell-layer  with  a 
slightly  broader  base,  and  extend,  in  a  more  or  less  ascending  direction,  towards 
the  inner  portions  of  the  shell.     They  are  not  round  but  polygonal.     AU  do  not 
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with  their  sharply  pointed  ends  reach  the  innermost  shell-lajers ;  indeed,  most 
of  them  stop  about  half-waj.  Nor  do  all  of  them  originate  on  the  outer  shell-layer, 
for  some  start  from  the  wall  of  some  cell  in  the  median  layer  of  the  shell.  They 
seem  to  be  hollow  and  to  form  tubes,  which  apparently  communicate  with  the 
larger  pores,  disseminated  between  the  more  minute  punctation  of  the  shell  as 
described  above ;  but  I  am  not  quite  certain  on  these  latter  points.  The  hollow 
tabes  which  terminate  in  root-like  processes  as  mentioned  above  penetrate  this 
median  part  of  the  sl^ell  in  a  nearly  vertical  dii'ection.  The  innermost  layer 
of  the  shell  is  somewhat  thicker  than  the  outer  one,  but  otherwise  similar  to  it. 
The  median  and  the  outer  layers  of  the  shell  fall  ofE  easily,  and  then  internal  casts 
of  a  strange  description,  which  preserve  the  inner  shell-layer,  are  produced 
(PI.  I,  fig.  8). 

In  the  flat  smaller  valve  the  median  shell-layer  is  absent. 

Under  the  microscope,  with  a  magnifying  power  of  100  diameters  and  upwards, 
the  whole  shell  can  be  seen  to  be  composed  of  very  thin  lamellss,  which  disunite  for 
the  formation  of  the  cells  and  join  together  again  in  the  outer  layer  of  the  shell. 
They  are  mostly  vertical  in  the  inner  layer  of  the  shell,  bent  nearly  horizontal 
but  irregularly  outward  in  the  median  layer,  and  again  vertically  ^upward  in  the 
outer  one. 

Each  lamella  shows  a  very  distinct  striation  vertical  to  its  planes,  caused  ap- 
parently by  prisms  of  which  it  is  composed.  These  prisms  are  thus  placed 
horizontally  in  the  inner  shell-layer  from  the  inside  of  the  shell  to  the  outer,  in 
the  median  layer  vertieally,  and  in  the  outer  layer  again  horizontally. 

Besides  this  striation  fine  canals  can  also  be  distinctly  traced,  which  originate 
on  the  inner  side  of  the  shell  and  pierce  the  different  lamellsB  of  which  the  shell 
is  composed,  causing  thus  the  fine  punctation  of  the  inner  shell-layer,  similar  to 
that  occurring  in  Pro^wc^o*.  The  canals  are,  however,  not  simple,  but  distinctly 
and  manifoldly  ramified,  and  thus  absolutely  different  from  those  occurring  in 
Productus,  They  are  more  similar  to  the  canals  which  pierce  the  shell  of  Crania. 
I  do  not  think  that  these  canals  may  be  the  work  of  boring  Thallophyla,  They 
Boem  to  exhibit  another  character  than  the  borings  of  those  organisms.  I  shall, 
however,  give  detailed  figures  of  these  canals  in  my  large  work  on  the  '*  Salt- 
range  Fossils." 

The  fossil  is  gpregarious  in  its  occurrence  in  nature,  and  the  individuals  are 
often  BO  closely  packed  together  that  the  root-like  appendages  of  one  individual 
are  fastened  to  the  individuals  around,  but  I  never  found  two  individuals  entirely 
l^rrown  together. 

These  are  the  facts  I  have  been  able  to  ascertain  relating  to  the  structure 
of  this  fossil ;  it  remaios  now  to  deduce  from  them  the  systematic  position  the 
fossil  ought  to  occupy.  As  I  have  already  formerly  indicated,  I  was  from  the 
beginning  doubtful  whether  the  fossil  ought  rather  to  be  considered  a  coral  or 
a  Brachiopod,  and  the  views  of  palaeontologists  to  whom  I  showed  thd  speci- 
mens were  quite  equally  divided  between  the  two  classes.  Mons.  Barrande,  as 
well  as  Professor  Val^rin  and  Moller,  were  of  opinion  that  this  fossil  was  rather 
more  related  to  the  corals  than  to  any  other  class  of  animals,  whilst  Professor 
Zittel  and  Professor  LindstrOm  seemed  to  be  more  in  favour  of  the  view  which 
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places  it  among  the  Brachiopods.  The  characters  exhibited  by  the  fossil  are 
indeed,  of  snch  a  conflicting  nature  that  it  becomes  extremely  difficult  to  assigi 
to  it  any  place  in  the  system. 

In  favour  of  the  view  which  inclines  to  consider  the  fossil  as  a  Brachiopod 
the  microscopic  structure  of  the  shell  can  be  adduced  above  all.  Its  silky  lustr 
is  absolutely  identical  with  that  of  the  shell  of  Productus,  though  this  lustr 
seems  not  to  be  effected  in  both  cases  by  the  same  means.  In  the  shell  of  Produdu 
it  is  caused  by  obliquely  ascending  prisms,  whilst  in  Bichthofenia  it  depend 
apparently  on  the  fine  lamination  of  the  shell  as  in  Placuna  or  similar  genera 
Of  great  importance  is  the  prismatic  structure  of  the  single  lamince  of  whicl 
the  shell  of  RicJUhofenia  is  composed.  Such  a  prismatic  structure  is,  as  fa 
as  I  am  aware,  chiefly  characteristic  of  molluscs  or  molluscoids.  I  certainly 
have  not  as  yet  observed  this  structure  in  corals.  In  Calceola  sandalinct^  whicl 
seems  the  most  kindred  form  among  the  corals,  a  microscopic  section  throagi 
the  larger  valve  showed  beautifully  its  construction  of  radial  septa,  but  thesi 
septa  exhibited  all  a  granular,  not  a  prismatic  structure. 

The  punctation  of  the  shell  is  also  very  similar  to  that  of  Produdusy  and  » 
are  the  hollow  root-like  tubes  which  penetrate  the  shell-substance  of  the  large 
valve,  and  adhere  to  other  bodies. 

The  smaller  valve  can  also,  on  the  whole,  be  very  well  compared  to  the  sami 
valve  of  Productus,  though  it  remains  doubtful  whether  the  thick  parallel  ridgei 
on  the  hinge-line  of  this  valve  in  Richthofenia  can  at  all  be  compared  to  a  car 
dinal  process,  and  whether  the  impressions  on  the  valve  can  be  taken  as  muscuki 
impressions.     Beniform  bodies  are  most  certainly  absent. 

Nevertheless,  among  all  the  Brachiopods  the  Productidce  are  the  only  one 
to  which  the  genus  Richthofenia  might  stand  in  any  relation ;  other  Brachi' 
opods  are  certainly  considerably  less  related  to  the  present  genua  than  Ubi 
Productidce. 

But,  though  all  the  points*  indicated  may  bo  in  favour  of  the  Bracbiopod 
nature  of  the  present  fossil,  yet  it  cannot  be  denied  that  there  exist  also  certain 
points  of  resemblance  between  Richthofenia  and  rugose  corals.  Any  one  whc 
looks  only  for  a  moment  at  PI.  I,  fig.  2,  will  be  convinced  of  this  similarity.  The 
irregular  partitions  in  the  lower  part  of  the  larger  valve ;  the  columella-likc 
part  which  is  divided  off  by  three  vertical  septa ;  these  septa  themselves,  whicli 
can  very  well  be  compared  with  the  primary  and  the  two  lateral  septa  of  > 
rugose  coral ;  the  cellular  structure  of  the  shell ;  the  septa-like  ridges  on  the 
outer  wall  of  the  animal  chambers  which  are  in  connection  with  the  hollow  canak 
which  pierce  the  substance  of  the  shell ;  and  the  tortuous  tubes  themselves  into 
which  the  canals  are  prolonged  on  the  outer  side  of  the  larger  valve :  all  these 
characters  remind  one  strongly  of  a  rugose  coral.  There  can  be  no  doubt  that 
on  a  first  inspection,  ignoring  the  silky  lustre  of  the  shell,  one  would  far  more 
likely  bb  led  to  regard  this  fossil  as  a  coral  than  as  a  Brachiopod. 

There  is,  however,  yet  another  character  to  be  pointed  out,  which  is  even  njore 
conflicting  than  those  hitherto  adduced ;  this  is  the  existence  of  something  like 
a  pallial  impression  round  the  upper  margin  of  the  larger  valve,  as  figured  in  PL 
I,  figs.  \h  and  8a. 
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This  character,  as  well  as  ihe  very  peculiar  appearance  of  the  partial  oast  as 
presented  in  PI.  I,  fig.  8,  and  the  longitudinal  section,  PL  II,  fig.  5,  induced 
Q  to  take  yet  another  group  of  fossils  into  consideration  for  compaiison ;  and 
ese  are  the  Btidista  in  a  restricted  sense,  as  defined  by  Stoliczka  in  his  work 
L  the  cretaceous  bivalves. 

It  is  a  very  curious  fact  that  with  the  Budista  the  same  diflSculty  prevailed 

to  their  classification  as  with  the  present  fossil.  They  had  been  considered 
"  L.  V.  Buch  as  corals,  by  d'Orbigny  as  Bracbiopods,  and  recently  they  are 
aeed  by  most  men  of  science  in  the  bivalves. 

The  points  of  similarity  between  liichthofenia  and  the  Btulista,  chiefly  Hip^ 
irites,  are  not  very  numerous,  it  is  true.  It  is  chiefly  the  section  which 
ay  be  compared.  If  we  cut  open  a  specimen  of  Bichthofenia  from  the  hinge- 
le  to  the  opposite  wall,  so  as  just  to  touch  the  median  vertical  septum  (Plate 
,  fig.  5),  we  g^t  a  figure  very  similar  to  that  which  we  obtain  when  we  cut 
rough  a  HippurUes  so  as  to  touch  the  first  columellar  fold  (the  hinge-fold  and 
e  second  columellar  fold  being  left  untouched),  Plate  II,  fig.  10.  The  par- 
•ions  presented  are  veiy  similar  in  both  cases.  They  are  bent  up  in  the  middle 
form  a  kind  of  columella,  and  are  separated  from  the  outer  walls  of  the  shell 
^  a  sharp  line  in  both  cases.  It  is  due  to  this  latter  circumstance  in  both 
ses  that  the  outer  walls  of  the  shell  fall  oS.  easily,  and  that  such  strange 
o'tial  internal  casts  are  formed. 

Another  porat  of  similarity  consists  in  the  direction  of  the  prisms,  of  which 
e  substance  of  the  shell  is  composed.  The  Budista  differ  from  all  the  other 
X)Ups  of  Pelecypoda  in  having  the  prisms  of  their  outer  shell  arranged  verti- 
lly,  that  is  to  say,  longitudinally  to  the  whole  extension  of  the  shell.  Just  the 
me  is  the  case  in  the  median  shell  layer  of  Bichthofenia^  as  has  been  explain- 

[  above. 

A  third  point  of  similarity  of  great  importance  exists  in  the  pallial  impres- 
m,  which  is  common  to  Bichthofenia  and  the  Budista ;  and,  finally,  it  is  not 
dte  certain  that  the  sinuations  of  the  large  valve  of  Bichthofenia  on  both 
ies  of  the  hinge-line,  which  stand  in  so  close  a  connection  to  the  lateral  vertical 
pta  may  not  be  regarded  as  the  beginning  of  the  infoldings  of  the  shell,  which 
e  so  very  characteristic  for  the  Budista, 

All  these  points  of  similarity  between  the  Budista  and  Bichtliofenia  are  im- 
»rtant,  as  they  are  in  connection  with  the  most  striking  characters  of  both 
Bsils;  and  it  cannot  as  yet  be  positively  denied  that  Bichthofenia  might 
I  a  predecessor  of  the  Budista.  To  say  anything  positive  on  this  point  is  at 
•esent  impossible.  The  distance  in  time  between  Bichthofenia^  which  comes 
■obably  from  the  limits  between  the  carboniferous  and  permian  formations, 
id  the  Budista^  which  are  for  the  greater  part  upper  cretaceous,  is  so  enormous, 
id  every  connecting  link  is  as  yet  absent,  that  a  very  close  aflSnity  between 
le  palaeozoic  and  the  cretaceous  forms  cannot  be  expected,  and  thus  it  will  (mly 
)  possible  to  prove  the  connection  between  the  present  fossil  and  the  Budista, 
futher  members  of  such  a  developmental  series  should  be  discovered. 

As  the  case  now  stands,  it  will  probably  be  most  prudent  in  accordance  with 
le  microscopic  structure  of  the  shell  to  consider  the  fossil  as  something  like  a 
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Brachiopod.  As  far  as  my  opinion  goes,  I  am  convinced  that  Bichthofenia  is  i 
member  of  a  series,  which,  branching  o£E  somewhere  from  the  rugose  corals 
has  reached  in  RicHhofenia  a  Brachiopod-like  stage,  and  is  going  to  terminat 
its  career  as  a  Pelecypod,  as  one  of  the  Eudista,  But  opinion  is  nothing  in  science 
and  proofs  are  everything.  I  hope  that  these  lines  will  give  an  impulse  to  th( 
elucidation  of  the  very  obscure  relations  of  the  fossil  which  has  been  tb( 
object  of  this  paper. 


EXPLANATION    OF    PLATES. 

PLATE  I. 
Bichthofenia  Lawbbnoiana,  Kon.  sp. 

Fig.  1.  Silicified  specimen  from  the  upper  region  of  the  Middle  Productus 
limestone  of  Musa  Kheyl.  la,  view  of  the  body  chamber  straigh 
from  above;  16,  the  same  slightly  oblique  from  the  front;  Icinterio 
side  of  the  smaller  valve  of  the  same  specimen :  all  natural  size. 

„  2.  Natural  section  through  a  specimen  from  the  coral  beds  of  the  Middl* 
Productus-limestone  of  Virgal ;  the  section  being  parallel  to  the  hinge 
line  and  just  touching  the  termination  of  the  three  vertical  septs 
The  cells  in  the  walls  of  the  animal  chamber  are  not  quite  correctl; 
represented. 

„  3.  Portion  of  the  shell  surface  enlarged  4  to  5  times  to  show  the  punctn 
tion,  in  a  specimen  from  the  upper  region  of  the  Middle  Productm 
limestone  of  Musa  Kheyl. 

„  4.  Fragmentary  specimen  from  the  Middle  Productus-limestone  of  tli 
Chittaw^  ;  4a,  natural  section  through  the  lower  part  of  the  animi 
chamber,  showing  the  section  of  the  three  upright  blades ;  46,  artifici^ 
section,  veiy  oblique,  lower  down  through  the  partitioned  part  of  tli 
shell,  showing  the  vertical  septa  and  the  space  that  is  limited  o: 
by  them. 

„  5.  Artificial  transverse  section  through  a  specimen  from  the  Lower  Pn 
ductus-limestono  of  Amb.  The  two  lateral  vertical  septa  unite  in  th 
middle. 

„  6.  One  of  the  partitions  of  the  larger  valve  seen  from  below  on  a  broke 
specimen  from  the  Middle  Productus-limestone  of  the  Chittawan. 

„  7.  Fragmentary  specimen,  showing  the  cellular  structure  of  the  media] 
shell-layer,  the  outer  layers  having  been  removed  by  weathering 
from  the  Middle  Productus-limestone  near  Khura. 

^  8.  Partial  internal  cast  of  a  specimen  from  Musa  Kheyl ;  a,  view  froir 
the  hinge-line  ;  86,  view  from  the  smaller  valve. 

,,  9.  Small  specimen  from  the  lowest  beds  of  the  Middle  Productus-liise^ 
stone  of  Katta  from  below,  showing  the  point  by  which  it  has  been 
fastened  to  the  bottom  of  the  sea. 
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PLATE  II. 

Figs.  1 — ^9.  RiOHTHOFENiA  Lawbvnciana,  Kon.  sp. 
Pig.  10.  HiPPUBiTES,  sp. 

Fig.  1.  Seotion  through  the  shell  of  a  specimen  from  the  Lower  Prodactns- 
limestone  of  Amb  enlarged  f  onr  times.  To  the  right  the  outer,  to 
the  left  the  inner,  side  of  the  shell,  at  the  lower  extremity  one  of  the 
shelly  cones  which  trayerse  the  shell  substance ;  prisms  slightly 
indicated. 

2.  Internal  cast  of  the  smaller  valve  of  a  specimen  from  the  Middle  Pro- 
ductns-limestone  of  Musa  Kheyl.  The  spines  on  the  inside  of  the 
valve  appear  as  deep  grooves. 

3.  Fragmentary  specimen  from  the  Middle  Productus-limestone  of  the 
Ghittawin,  viewed  from  below,  to  show  the  irregularity  of  the  par- 
titions, the  one  figured  being  made  up  of  five  pieces. 

4.  Fragment  of  the  shell  of  a  specimen  from  the  Upper  Productus-limestone 
(Cephalopoda  bed)  of  Jabi,  very  obliquely  weathered  and  enlarged 
about  four  times,  to  show  the  cells  and  the,  in  this  case  exceptionally 
numerous,  shelly  cones  which  are  between  them. 

5.  Artificial  section  through  a  specimen  from  the  Lower  Productus-lime- 
stone of  Amb.  The  section  is  vertical  to  the  hinge-line,  just  missing 
the  median  vertical  septum,  but  yet  hitting  at  the  upper  end  of  the 
columella  the  secondary  septa  which  are  joined  to  the  median  one. 
Mineral  matter  partly  intercalated  between  the  partitions,  as  in  all 
sections  (PI.  I,  fig.  2  ;  and  PL  II,  fig.  6). 

6.  Artificial  section  through  a  specimen  from  the  Lower  Productus-lime- 
stone of  Amb,  the  section  being  parallel  to  the  hinge-line,  missing  the 
three  vertical  septa  altogether. 

7.  External  view  of  a  fragmentary  but  tolerably  large  specimen  from  the 
Middle  Productus-limestone  of  the  Chittawdn. 

8.  Specimen  with  exceptionally  well  preserved  external  surface  of  the 
larger  valve,  showing  the  longitudinal  striation  from  the  Lower  Pro- 
ducton-limeetone  of  Amb.  8a,  lateral  view,  obliquely  to  the  hinge-lino  ; 
85,  portion  of  the  surface  enlarged. 

„  9.  Specimen  from  the  Lower  Productus-limestone  of  Amb;  view  from  above 
to  show  the  smaller  valve  and  the  fine  granulations  by  which  this  as 
well  as  the  bent  over  parts  of  the  larger  valve  is  covered. 

„  10.  Section  through  Hippurites  sp.  from  the  Gosau  formation  of  the  Neue 
Welt  near  Vienna,  figured  for  comparison  with  fig.  5.  (Property  of 
the  E..  K.  Oeologische  Roichsanstalt  in  Vienna.) 
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On  the  Qeology  of  South  Travancoro,  by  R.  Brucb  Foote,  f.g.s.,  Deputy  Superin- 
tendent, Oeological  Survey  of  Indlu,     (With  a  plate  and  a  map.) 

• 

My  colleague,  Dr.  King,  was  from  various  causes  obliged  to  leave  the  survey 
of  South  Travaucore,  from  Trevandrum  to  Cape  Comorin,  very  unfinished,  and 
it  devolved  'upon  me  to  close  up  the  gap  left,  so  as  to  join  the  general  survey  of 
this  State  with  the  work  I  had  done  in  Tinnevelly  district.  The  small  map  which 
accompanies  this  paper  shows  the  tract  omitted  in  Dr.  King's  map,  appended  to 
his  two  papers  relating  to  Travancore,  published  last  year  (1882)^.  The  notes  I 
have  to  ofEer  refer  mainly  to  the  tract  lying  between  the  coast  and  the  high  road 
leading  from  Trevandrum  into  Tinnevelly  district  through  'the  Arambuli  (Ara- 
munny)  pass. 

The  topographical  features  of  South  Travancore  di$er  as  greatly  from  those 
of  the  adjacent  part  of  South  Tinnevelly  as  do  the  climates  of  the  two  districts. 
The  flat,  sandy,  and  often  barren  plains  of  Tinnevelly  are  replaced  by  a  very 
broken,  rugged  country,  out  of  which  rise  numerous  hills  and  rocky  ridges,  the 
whole  thickly  covered  by  rich  vegetation.  With  the  exception  of  a  couple  of  score 
of  square  miles  immediately  to  the  north  of  Cape  Comorin,  the  whole  of  South 
Travancore  lies  westward  of  the  watershed  along  the  Southern  Ghats,  which 
mountain  range  causes  both  the  moist  climate  of  Travancore  and  the  dry  climate 
of  Tinnevelly,  by  intercepting  from  the  latter  practically  the  whole  supply  of 
rain  brought  by  the  south-west  monsoon,  and  causing  it  to  fall  on  their  western 
slopes.  A  small  tract  around  Cape  Comorin,  in  the  extreme  south-east  comer 
of  Travancore,  has  a  climate  and  shows  a  flora  corresponding  to  the  dry  one  of 
Tinnevelly.  But  within  a  very  little  distance  to  the  westward  a  great  change 
begins,  and  the  climate  and  flora  both  assume  an  intermediate  character,  which 
may  be  traced  over  a  tract  extending  from  the  Cape  like  a  narrow  wedge  (in 
plan),  having  a  base  of  some  20  to  25  miles  along  the  coast,  with  its  northern  angle 
in  the  Arambuli  pass.  Close  to  the  main  mass  of  the  mountains  the  change  of 
climate  and  flora  is  far  more  abrupt^  and  really  takes  place  within  a  distance  of 
a  very  few  miles,  e,  g.,  near  Mahendragiri,  the  mbst  southerly  high  mass  of  the 
Ghats  (5,455  feet),  where  the  change  takes  place  in  about  2  miles. 

The  country  owes  its  shape  to  the  erosion  of  the  old  crystalline  rocks  which  has 
taken  place  on  the  most  gigantic  scale,  proofs  of  which  will  be  adduced  further 
on.  Dr.  King,  in  his  general  sketch  of  the  Travancore  country,  points  out 
(p.  88)  the  quasi-terraced  arrangement  the  country  shows,  descending  by  steps, 
as  it  were,  from  the  mountains  to  the  coast.  This  terrace  arrangement  is  much 
less  well  marked,  however,  in  South  Travancore  than  further  to  the  north-west. 
The  several  terrace  steps  are  marked  by  the  existence  of  some  ridges  near  the 
coast  higher  than  the  general  surface  of  the  country  further  inland.  The  most 
conspicuous  of  these  is  a  considerable  mountain  mass  lying  north  and  north-east 
of  the  old  fort  of  Udagiri  (Oodagerry). 

1  See  a. — General  sketch  of  the  geology  of  Travancore  State.  By  W.  King,  D.  Sc,  Deputy 
Superintendent  (Madras),  Geological  Survey  of  India. 

^.^Xhe  Warkilli  beds  and  reported  associated  deposits  at  Quilon,  in  Travancore.  By  W.  Eiug» 
D.  Sc,  Ac.,  (with  a  map).    Records,  Geological  Survey  of  India,  Vol.  XV,  pp.  87—102. 
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The  real  soathem  termination  of  the  Southern  Ghats  occurs  in  north  latitude 
8^  l5',  where  the  high  mountains  sink  down  into  the  Arambuli  pass.  Southward 
of  the  pass  rises  the  perfectly  detached  Kathadi  Malai,  a  fine  rocky  mass  between 
2,000  and  3,000  feet  high,  which  sends  ofE  a  rocky  spur  extending  southwards  with 
two  breaks,  for  a  distance  of  7  or  8  miles,  and  terminating  in  the  bold  Murtawa 
hill,  4  miles  north-west  of  Cape  Comorin. .  The  Cape  itself  consists  of  low 
gneiss  rocks,  backed  up  by  a  palm-grown  sand-hill,  about  100  feet  high.  A  pair 
of  very  small  rocky  islands  rise  out  of  the  sea  a  few  hundred  yards  east  of  the 
Cape,  but  they  are  not  shown  in  Atlas-sheet  63,  any  more  than  are  various  other 
rocks  occurring  off  the  coast  opposite  Muttum^  Kolachel  (ColachuU),  and  Mel 
Madelatorai  (Maila  Muddalathoray),  which  are  [the  culminating  points  of  reefs 
formed  by  ridges  of  gneiss  running  parallel  with  the  coast.  At  Kolachel,  which  is 
the  seaport  of  South  Travancore,  the  lie  of  the  rocks  is  such  that  it  would  be  easy 
to  connect  them  by  short  rubble  breakwaters,  and  thus  to  form  a  very  useful 
Hitle  harbour  in  which  coasting  craft  could  easily  lie  up  duiing  the  south-west 
monsoon. 

It  vdll  be  seen  by  the  map  that  a  broken  band  of  younger  rocks  occupies  a 
very  great  part  of  the  tract  lying  between  the  coast  and  the  Trevandrum- 
Tinnevelly  high  road  above  referred  to.  There  can  be  no  doubt  that  these 
younger  rocks  not  very  lo  ng  since,  geologically  speaking,  formed  an  unbroken 
belt  which  extended  considerably  further  inland  than  at  present.  The  denudation 
they  have  undergone  has  been  very  great,  both  vertically  and  laterally,  and  the 
remnants  of  them  left  are  in  various  places  of  such  trifling  thickness  that  all 
traces  of  their  former  existence  will  soon  be  effaced.  They  show  most  in  the 
western  part  of  the  area  under  description,  where  they  form  small  plateaux,  which 
are  well  marked,  except  to  the  north,  on  which  side  they  lap  on  to  the  rising 
surface  of  the  gneiss  and  thin  out,  or  are  lost  sight  of,  in  the  Kabuk  or  pseudo- 
laterite  formation,  a  rock  resulting  from  the  decomposition  of  formginous  beds  of 
gneiss.  The  surface  of  the  plateaux,  where  not  greatly  eroded,  is  gently  un- 
dulating and  often  supports  a  very  dense  and  varied  vegetation.  The  less  compact 
portions  of  plateau  surfaces  are  often  cut  into  small,  but  very  deep,  rain  gullies 
which  render  many  places  impassable  for  any  but  foot  passengers. 

The  most  striking  feature  in  the  flora  of  South  Travancore  is  the  immense  forest 
of  fan  palms  {Borassus  flahelliformis),  which  covers  great  part  of  the  country. 
The  fan  palms,  or  palmyras,  attain  here  to  much  greater  height  than  they  generally 
do  elsewhere.  Trees  measuring  from  90  to  100  feet  in  height  are  not  uncommon 
in  places,  and,  with  their  stems  greatly  covered  by  white,  or  silvery,  grey  lichens 
they  present  a  much  finer  appearance  than  the  comparatively  stunted  specimens 
one  is  accustomed  to  see  in  the  Camatic,  or  on  the  Mysore  and  Deccan  plateaux. 
Whether  these  Travancore  trees  owe  any  part  of  their  greatly  superior  height 
to  superior  age,  as  compared  with  the  palms  in  the  great  palmyra  forest  in 
South  Tinnevelly,  I  could  not  make  out ;  but  the  white  colour  of  their  stems,  added 

'  These  rocks,  aud  especially  one  called  the  Crocodile  rocks,  were  sonrces  of  groat  danger  tu 
the  coasting  ships,  bat  that  has  been  removed  by  the  erection  on  the  Muttum  headland  of  a  lighb* 
hoQsc  jost  completed. 
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to  their  great  height,  oertainlj  gives  them  a  mach  more  hoary  and  venerable 
appearance. 

To  the  westward  of  the  Cooletorary  river  the  palmyra  trees  are  less  striking 
features  in  the  landscape  than  to  the  eastward.  Cashew  nnt  trees  (Anacardium 
occidentale)  are  also  very  largely  cultivated,  and  attain  to  g^reater  size  than  any. 
where  in  the  Gamatic.  Jack  (Ariocarpus  integrifolium)  and  Alexandrine  laurel 
(Oalophyllum  inophyllum)  are  also  very  common  trees  in  South  Travanoore. 
Coco  and  Areca  palms  are  commonly  planted  in  the  sides  of  the  numerous  little 
narrow  valleys  which  score  the  face  of  the  country,  each  with  a  rice  flat  in 
the  bottom. 

The  backwaters  at  the  mouths  of  the  several  rivers,  and  the  canals  connecting 
them,  are  often  thickly  fringed  with  screw  pine  (Fandanus  odorattsstmus) ;  and 
a  large  fern,  Acrostichum  aureum  (Linn.),  is  generally  very  conspicuous  among 
the  smaller  bushes  standing  in  the  shallow  water.  One  of  the  fine^  displays  of 
tropical  vegetation  I  am  acquainted  with  in  South  India  may  be  seen  to  great 
advantage  by  going  in  a  canoe  up  the  Cooletorary  river  for  3  or  4  miles  from 
its  mouth  at  Tengapatanam  (Taingupatnum).  The  varying  effects  of  dense 
lofty  palm  groves,  interspersed  with  large  forest  trees  and  fringed  with  pandanus, 
&c.,  along  the  water's  edge,  and  backed  by  the  beautiful  blue  outlines  of  Agastya- 
malai  and  other  peaks  of  the  Southern  Gh&ts  cannot  fail  to  delight  the  eye  capable 
of  appreciating  a  series  of  perfect  landscapes.  Near  the  upper  end  of  the  navigable 
reach  the  beauty  of  the  scene  is  increased  by  the  presence  of  great  granite  gneiss 
rocks  towering  up  here  and  there  in  the  forest  on  either  side  of  the  river.  Two 
other  views,  specially  worth  seeing,  should  be  mentioned  when  describing  the  t(^K>- 
graphy  of  this  picturesque  country.  The  first  of  these  is  due  north  from  the 
bar  at  Mannagudi,  4  miles  west  of  Cape  Comoiin.  The  eye  here  ranges  across 
a  large  sheet  of  fresh  water,  set  among  palms,  making  a  glorious  foreground  to  the 
mountains  which  rise  to  the  north,  Mahendragiri  and  the  great  mass  of  the 
Mutukulivayal  plateau  standing  out  boldly.  The  second  view  to  which  I  wish 
to  draw  attention  is  to  be  seen  from  the  white  rock  spit  about  1^  mile  north- 
eastward of  Cape  Comonn.  From  here  the  south  end  of  the  ghats  is  seen  across 
a  lovely  bay,  with  broken  rocks  and  surf  in  the  immediate  foreground.  The  bright 
blue  waters  of  the  bay  set  ofE  the  fine  tints  of  the  nearer  mountains  to  perfection, 
while  the  noble  outlines  of  Mahendragiri  and  its  companion  peaks  form  a  back 
ground  of  wonderful  beauty.  The  view  on  a  good  day  far  surpasses  the  best  of 
the  views  across  Bombay  harbour,  about  which  so  much  has  been  written.  From 
the  Cape  itself  the  mountains  are  not  seen  at  all,  being  shut  out  by  sand-lulls^ 
topped  by  a  forest  of  palmyras. 

In  the  foreground  of  the  view  from  white  rock  spit  the  most  characteristic 
trees  are  umbrella  trees  (Acacia  planifrons),  the  most  typical  trees  of  the  arid 
Tinnevelly  plains,  which  are  seen  across  the  bay  stretching  away  far  to  the 
north-east.  A  few  miles  to  the  west  of  the  Cape  these  trees  become  very  rare 
or  have  disappeared  entirely. 

Very  conspicuous  features  in  the  landscape  of  South  Travancore,  as  seen  from 
the  deck  of  a  vessel  passing  off  the  coast,  are  several  patches  of  intensely  rod  rock 
or  sand  standing  close  to  the  beach,  but  perched  up  at  a  considerable  height 
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above  the  water's  edge.     These  are  teris,  or  red  blown  saods,  capping  cliffs  of  red 
sandstone,  both  of  which  formations  will  be  referred  to  at  length  further  on. 

The  various  geological  formations  to  be  found  in  South  Travancore  may,  for 
convenience  of  reference,  be  arranged  in  a  tabular  scheme  as  below  :— 

^  Blown  sands :  the  red  (teris),  and  the  wliito  (coast  dunes). 
Bbcbxt   ...)  Soils;  kankar  deposits;  fcrrnginous  breccias  (lateritic). 

(.  Marine  and  estuarine  beds. 
Tbbtiabt  ?    Sands  and  clays  (Warkilli  beds,  P  Cnddalore  sandstone.) 
A20I0        ...     Qneissic  series. 

The  Qneissic  Series, 

In  no  part  of  the  peninsnla,  perhaps,  is  there  a  greater  and  finer  display  of  the 
ancient  crystalline  rocks  than  in  the  Southern   GhlCts  in  their  southern  half,  and 
in  the  great  spurs  and  outlying  masses  on  their  western  or  southern  side.     The 
disposition  of  the  beds  in  South  Travancore,  when  laid  down  on  the  map,  shows 
the  existence  of  a  great  synclinal  curve,  probably  an  ellipse,  the  major  axis  of 
which  passes  through,  or  very  near  to,  the  great  mass  of  Mahendragiri ;  while  the 
north-western  focus  (if  the  ellipse  be  a  complete  one)  will  be  found  somewhere 
to  the  north-eastward  of  Allepy.    I  had  inferred  the  existence  of  this  great  synclinal 
ellipse  from  studying  the  course  of  the  great  gneiss*  beds  on  the  eastern  foot  and 
flanks  of  the  mountains  southward  of  Courtallum,  and  Mr.  King's  examination  of 
the  gneiss  country  across  the  Shenkotta  pass  and  southward  to  Travancore  indepen- 
dently demonstrated  the  existence  of  the  central  part  of  this  huge  synclinal  fold. 
The  topographical  shape  of  the  ground,  as  shown  in  Atlas-sheet  63,  points  strongly 
to  the  fold  being  a  true  ellipse,  the  extreme  north-western  extremity  of  which 
is  probably  hidden  under  the  alluvial  bed  north  of  Allepy,  while  the  extreme 
south-eastern  apex  lies  most  likely  in  the  sea  to  the  E-N-E  of  Cape  Comorin.     The 
Curve  of  the  coast  from  Cape  Comorin  north-westward  to  close  up  to  Trevandrum 
coincides  with  the  south  side  of  the  great  synclinal,  and  the  different  ridges  inland 
also  coincide  absolutely  with  the  strike  of  the  harder  beds  of  the  series.     Several 
southerly  dips  were  noted  in  the  rocks  on  the  coast  westward  of  Kolachel,  which 
looks  as  if  the  axis  of  an  anticlinal  had  there  been  exposed,  but  they  may  possibly 
only  represent  trifling  Vandyke-shaped  bends  or  crumples,  in  the  side  of  the  great 
synclinal.     To  the  north  of  the  area  under  consideration  the  rocks  roll  over 
northward  into  a  great  anticlinal  fold. 

The  true  bedding  of  the  gneiss  on  a  large  scale  is  extremely  well  displayed 
in  the  great  outlying  mass  known  as  the  Udagiri  or  "  Murroovattoor  "  mountain. 
Both  strike  and  dip  are  admirably  seen  from  the  travellers'  bungalow  at  Nagar 
Kovil.  One  of  the  finest  examples  of  a  sheer  naked  wall  of  rock  to  be  seen 
in  South  India  is  shown  in  the  tremendous  cliff  forming  the  S.  E.  front  of  the 
Tiruvuna  Malai,  the  great  eastern  spur  of  Mahendragiri  This  bare  precipice 
must  be  fully  2,000  feet  or  more  in  height,  many  hundred  feet  in  the  central  part 
being  absolutely  vertical,  or  even  overhanging  a  little.  As  might  be  expected, 
this  great  mass  has  attracted  much  notice;  it  forms  the  Cape  Comorin  of  some 
aailozBy  and  of  Daniel's  famous  view  of  that  cape,  though  in  reality  some  16  miles 
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from  the  nearest  point  on  the  coast  and  28  miles  from  the  cape  itself.  Even  the 
Hindu  mind,  generally  so  stolid  about  the  beauties  of  landscape  scenery,  have 
connected  this  noble  mountain  with  the  name  of  Hanuman,  the  famous  monkey 
god,  who  is  said  to  have  planted  one  foot  on  each  of  the  two  Peaks  and  to  have 
jumped  across  the  Gulf  of  Manar  and  alighted  on  Adam's  Peak,  a  standing 
jump  of  220  miles  odd  being  a  trifle  for  the  long-tailed  divinity. 

Another  grand  precipice  occurs  on  the  south-east  face  of  the  Tadnga  Malai, 
at  the  western  end  of  the  Arambuli  pass.  The  cliff-faces  in  both  these  splendid 
scarps  coincide  with  great  planes  of  jointing. 

The  predominant  character  of  the  gneiss  rocks  in  this  quarter  is  that  of  a 
well-bedded  massive,  quartzo-felspathic  granite  gneiss,  with  a  very  variable  quantity 
of  (generally  black)  mica  and  very  numerous  small  red  or  pinkish  garnets.  This 
is  the  characteristic  rock  at  Capo  Comorin,  and  very  generally  throughout  South 
Travancore,  and  Tinnevelly  district  as  well. 

Scattered  grains  of  magnetic  iron  are  commonly  met  with  in  the  weathered 
rocks.  No  beds  of  magnetic  iron  were  noted  by  me,  but  some  may  very  likely 
occur,  and  would  go  far  to  account  for  the  enormous  quantities  of  black  magnetite 
sand  cast  up  on  the  beach  at  frequent  intervals  along  the  coast  and  of  which  the 
source  is  at  present  unknown,  unless  it  has  been  brought  by  the  south-westerly 
current  prevailing  during  the  south-west  monsoon.  The  source  of  the  garnets 
which  form  the  crimson  sand,  which  is  of  nearly  equally  common  occurrence,  is 
not  far  to  seek,  for  it  is  hardly  possible  to  find  a  bed  of  rock  which  does  not  abound 
in  garnets.  The  so-called  "  fossil  rice  "  found  at  the  extreme  point  of  land  close 
to  the  cape  is  merely  a  local  variation  of  the  quartz  grains  set  free  by  degradation 
of  the  rock.  They  assume  the  "  rice  "  shape  after  undergoing  partial  tiituration 
in  the  heavy  surf  which  beats  incessantly  on  the  southern  coast. 

The  sub-aerial  decomposition  of  the  felspatho-ferruginous  varieties  of  the 
gneiss  produces  in  the  presence  of  much  iron  a  pseudo-laterite  rock  very  largely 
developed  over  the  gneissic  area  described  by  Dr.  King  in  his  Sketch  of  the 
Geology  of  Travancore  under  the  name  of  lateritised  gneiss,  a  rock  which  is  po- 
pularly called  laterite  in  Travancore  and  kabuk  in  Ceylon.  In  numberless  places 
this  peculiar  decomposition  of  the  gneiss,  which  is  pre-eminently  characteristic 
of  very  moist  climates,  has  altered  the  rock  in  situ  to  variable,  but  often  consider- 
able, depths,  and  the  original  quartz  laminaa  of  the  gneiss  remain  in  their  pris- 
tine position,  and  often  to  all  appearance  unaltered,  enclosed  in  a  ferruginous  argil- 
laceous mass  formed  by  the  alteration  of  the  original  felspar,  mica,  garnets,  and 
magnetic  iron.  The  colour  of  this  generally  soft  mass  varies  exceedingly,  from 
pale  whitish  pink  to  purple,  red  and  many  shades  of  reddish  brown  and  brown 
according  to  the  percentage  of  iron  and  the  degree  of  oxidation  the  iron  has  un- 
dergone. The  bright  colours  are  seen  in  the  freshly  exposed  kabuk  or  pseudo- 
laterite,  but  the  mass  becomes  darker  and  mostly  much  harder  as  the  hoBmatite  is 
converted  into  limonito  by  hydration,  and  more  ferruginous  matter  is  deposited,  as 
very  frequently  happens,  by  infiltration.  The  pseudo-laterite  formed  by  accumula- 
tion of  decomposing  argillo- ferruginous  materials  derived  from  distant  points  is  to 
be  distinguished  generally  by  the  abeence  of  the  quartz  laminaa  as  such.  The 
quartz  grains  are  generally  much  smaller,  and  are  scattered  generally  through  the 
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^bole  mass  of  new  formed  rock.  One  excellent  example  of  the  pseudo-laterite 
formed  by  the  decomposition  in  situ  is  to  be  seen  in  a  steep  bank  in  the  zoological 
gardens  in  Trevandmm,  close  to  the  Tapirs*  den.  Equally  good  examples  are 
very  conmion  in  many  of  the  cuttings  along  the  high  road  east  of  Trevandrum. 

The  washed-down  form  of  pseudo-laterite  often  forms  a  rock  intermediate 
in  character  between  a  true  sub-aerial  deposit  and  a  true  sedimentary  one,  and 
consequently  by  no  means  easy  to  classify  properly.  In  fact,  in  a  country  subject  to 
such  a  tremendous  rainfall,  the  sub-aerial  rocks  must,  here  and  there,  graduate  into 
sedimentary  ones  through  a  form  which  may  bo  called  "  pluvio-detrital."  Such 
pluvio-detrital  forms  occur  very  largely  in  South  Travancore,  but  it  is  impos- 
sible in  most  cases  to  separate  them  from  the  true  sedimentary  formations  they  are 
in  contact  with. 

The  Warkilli  or  Cuddalore  Sandstone  Series, 

The  Cuddalore  sandstone  series,  first  distinguished  on  stratigraphical  grounds 
as  a  separate  geological  group  by  Mr.  H.  F.  Blanford,  were  by  him  supposed  to 
be  very  probably  of  tertiary  age.  In  the  absence  of  suflBcient  palseontological 
evidence  it  was  impossible  to  assign  any  more  approximate  position  to  these 
rocks,  the  silicified  exogenous  tree  stems  found  at  Tiruva-Karai,  near  Pondicherry, 
not  being  deemed  of  sufficient  importance. 

Other  similar  sandstone  formations  subsequently  examined  near  Madras,  in 
Rajahmundry  district  and  on  the  Travancore  coast  near  Quilon  could,  in  the 
absence  of  all  fossils,  be  assigned  by  myself  and  Dr.  King  only  in  a  provisional 
way  to  the  age  of  the  Cuddalore  rocks.  Lithologically  and  petrologically  these 
several  sets  of  sandstones  and  associated  clays,  &c.,  show  great  resemblance, 
and  their  relative  positions  on  or  near  the  existing  coast  lines  further  justified  their 
being  provisionally  associated,  though  separated  by  such  great  distances. 

A  very  careful  examination  of  the  beds  near  Quilon  by  Dr.  King,  who  had 
the  advantage  of  seeing  the  fresh  cutting  made  through  plateaux  of  these  rocks  in 
connection  with  the  new  tunnel  at  Warkilli  has  unfortunately  thrown  no  positive 
light  on  their  true  geological  position.  The  vegetable  remains  associated  with 
the  lignite  beds  at  base  of  the  series  proved  insufficient  to  allow  of  determination 
of  their  own  character,  and  consequently  most  unsuitable  to  assist  in  settling  the 
homotaxy  of  the  strata  they  occurred  in.  The  sedimentary  beds  forming  the 
belt  of  small  plateaux  fringing  the  coast  of  South  Travancore  must,  on  pctrological 
grounds,  be  unhesitatingly  regarded  as  extensions  of  the  Quilon  beds,  or  Warkilli 
beds  of  Dr.  King.  None  of  these  formations  which  I  traced  from  Villenjam, 
9  miles  south-east  of  Trevandrum,  down  to  Cape  Comorin,  afforded  the  faintest 
trace  of  an  organic  body :  thus,  no  light  was  thrown  on  the  question  of  the  geo- 
logical age  or  homotaxy,  but  somewhat  similar  sandstones  and  grits  are  found 
on  the  Tinnevelly  side  of  the  extreme  south  end  of  the  Ghfits  range,  and  in  a 
coarse  gnitj  sandstone,  much  resembling  some  of  the  beds  in  Travancore,  a  bed  of 
clay  is  intercalated,  in  which  occur  numerous  specimens  of  Area  rugosa  and  a 
Cytherea  of  a  living  species.  The  locality  where  these  fossils  of  recent  species 
were  found  occurs  on  the  right  bank  of  the  Xanibi-Ar,  about  2  miles  above  its 
mouth  and  a  few  hundred  yards  from  the  bank  of  the  main  stream.     All  the 
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Bub-f ossil  shells  I  found  here  are  of  liying  species ;  henoe  the  deposits  enclosing 
them  cannot  be  regarded  as  tertiary ;  and  if  the  agreement  of  these  Nambi- Ar  beds 
with  the  Warkilli  and  Sonth  Travancore  beds  on  the  one  hand,  and  the  Gnddalore, 
Madras,  and  Rajahmnndiy  beds,  be  assumed,  as  thej  must  be  on  petrological 
grounds,  the  Gnddalore  sandstones  and  their  equivalents  elsewhere  must  be 
accepted  as  of  post-tertiaiy  age.  As  far  as  it  goes,  the  evidence  is  clear  and 
distinct ;  but  more  evidence  is  required  as  to  the  age  of  some  of  the  intermediate 
connecting  beds,  such  as  those  south  and  east  of  Kudan-Kulam. 

The  typical  section  of  the  Warkilli  rocks  near  Quilon,  given  by  Dr.  King, 
shows  the  following  series : — 

Feet. 

Laterite  .        • 80  to  40 

Sands  and  sandy  dajs  or  litbomarge 58 

Aloin  clays   .        .         • 25 

Lignite  beds 7  to  15 

Sands    .... 


•        •        .        ■        • 


Total  ...     120  to  138 

with  which  we  may  compare  the  series  seen  in  the  fine  section  formed  by  the 
beautiful  cliffs  in  Karruchel  bay,  11  miles  south-east  of  Trevandrum. 
The  section  here  exposed  shows  the  following  scries  of  formations: — 

Feet. 

4.  Soil — dark  red,  sandy  loam,  lateritic  at  hwe  .        .        •      8  to  10 

8.  Sandstone — hard,  gritty,  purplish  or  blackish         ....  ? 

2.  Sandstone — gritty,  rather  soft,  false  bedded,  often  clayey  in  parts 
(lithomargic),  variegated ;  in  colour  red,  reddish-brown,  purpUsh- 
white-yellow        •        •        .        .        .        .        .        .        •        .40to50 

1.  Sandstone — gritty,  rather  soft,  false-bedded,  red,  purple,  pink,  white, 
variegated;  shows  many  white  clay  gaUs  producing  a  conglo- 
meratic apx)earance  in  section 40 

Base  not  seen,  hidden  by  sandy  beach. 

The  total  thickness  of  these  beds  I  estimated  at  about  100  feet ;  the  upper 
part  is  obscure,  from  pluvial  action  washing  down  the  red  soil  over  the  dark 
grits.  The  middle  and  lower  parts  of  the  section  are  extremely  distinct,  and  the 
colouring  of  the  beds  very  vivicf  and  beautiful ;  but  the  beds  are  by  no  means 
sharply  defined. 

The  beds  dip  north-easterly  (inland),  and  from  the  slope  of  the  ground  on  the 
top  of  the  cliff  the  angle  of  dip  may  be  inferred  to  be  from  25°  to  30°.  Further 
inland,  near  Pinnacolum,  the  dark  gritty  sandstones  lie  horizontally,  at  a  con- 
siderably lower  level  than  at  the  top  of  the  Karruchel  cliffs,  but  rise  again  east- 
ward. The  middle  gritty  series  is  exposed  along  the  western  side  of  the  Karru- 
chel lagoon,  but  is  highly  lateritised  by  weather  action.  Three  miles,  or  so,  to  the 
north  of  the  lagoon,  purplish  gritty  beds  show  strongly  and  form  a  small  well- 
marked  plateau  overlooking  the  valley  in  which  lies  the  village  of  Gotukall. 
That  the  gritty  beds  are  sometimes  replaced  by  clays  is  shown  by  the  materials 
turned  out  of  two  deep  wells  sunk  into  this  plateau  at  two  points  several  miles 
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apart ;  one  of  these  wells  lies  rather  more  than  half  a  mile  to  the  northward  of 
Mullur  (Mooltoor  of  sheet  63).  Here  the  section,  which  is  from  80  to  100  feet 
deep,  passes  through  mottled  gritty  sandstone  and  into  blue  and  white  mottled  clay. 
The  other  section  revealing  clays  below  the  gritty  beds  is  in  a  well  sunk  close  to 
the  new  road  from  Valrampur  (Vaulrampoor)  to  Puar  (Powar),  and  some  distance 
south  of  the  place  shown  in  the  map  as  Vunpoyal^,  The  clay  here  is  of  a  similar 
white  and  blue  mottled  colour. 

A  section  in  the  low  clifE  forming  the  small  bay  immediately  east  of  Yillenjam 
shows  a  mottled  vermiculated  clayey  rock  showing  mostly  no  bedding  at  all. 
Traces  of  bedding  are,  however,  revealed  as  the  clifE  is  followed  southward  by  the 
appearance  of  thin  bands  of  grit  near  the  base  of  the  section  which  rests  on  the 
underlying  quartzo-felspathic  gametiferous  gneiss.  This  mottled  clayey  rock 
I  believe  to  represent  the  bluish*white-mottled  clay  turned  out  of  the  lower 
parts  of  the  well  section  near  Mullur  before  referred  to.  It  is  locally  considerably 
discoloured  and  stained  by  the  percolation  of  water  through  the  overlying  pseudo- 
lateritic,  dark-red  sand.  As  will  be  seen  by  any  one  who  follows  the  coast  line 
these  Warkilli  sandstones  rest  upon  a  very  rugged  and  broken  gneiss  surface. 
Many  great  tors  and  knolls  of  granite  gneiss  protrude  through  the  sandstone 
plateaux  or  tower  over  them  from  adjacent  higher  ridges,  which  have  been  com- 
pletely denuded  of  the  younger  rocks. 

The  greater  part  of  the  surface  of  the  tract  occupied  by  these  WarkiUi 
beds  west  of  the  Neyar  is  thickly  covered  by  sandy  loam,  generally  of  dark 
red  colour,  which  conceals  the  sub-rock  very  effectually,  excepting  where  the 
loam  is  deeply  eroded.  A  well-marked  patch  of  purplish  grit  forms  a  knoll, 
about  a  mile  south-west  of  Valrampur.  Traces  of  the  former,  more  easterly, 
extension  of  these  beds  are  to  be  seen  at  intervals  along  and  to  the  north 
of  the  Trevandrum-Tinnevelly  road  between  Valrampur  and  Neyatnm  Karai. 

In  the  tract  lying  east  of  the  Neyap  few  sectioas  exhibiting  the  grits,  &c.,  were 
met  with,  and  all  were  small  and  unsatisfactory.  The  surface  of  the  country  is 
either  largely  covered  with  the  deep  red  soil,  or  else  the  extremely  broken  surface 
of  the  gritty  beds  is  extensively  lateritised.  The  appearance  of  the  country  when 
seen  from  elevated  points  is,  however,  characteristically  very  different  from  the 
gneiss  and  kabuk  tract  lying  to  the  northward.  This  may  be  well  seen  from  Colatoor 
trigonometrical  station  hill,  as  also  from  the  high  ground  close  to  Cauracode,  but 
jet  more  strikingly  from  the  Kodalam  Pothia,  a  hill  2  miles  west-north-west  of 
Paurashalay.  Sections  in  which  the  true  character  of  the  rock  is  to  be  seen  occur 
on  the  high  ground  close  to  the  junction  of  the  new  roads  leading  from  Puar 
(Powaur)  and  Martanda  Putentorai  respectively  to  Paurashalay,  also  to  the 
southward  near  Shoolaul  (of  map),  where  a  large  rain  gully  cuts  deeply  into  the 
grita  and  underlying  clayey  beds ;   also  along  the  ridge  of  high  ground  north  and 

'  I  fidled  utterly  in  identifying  this  and  many  other  of  the  vilhige  names  given  on  the  map 
(sheet  63).  It  was  very  difficult  to  localise  the  positions  of  many  phenomena  I  wished  to  record, 
eren  if  landmarks  existed  on  which  to  take  bearings,  owing  to  the  extreme  inadequacy  of  the  map. 
The  tzct  that  the  villages  and  hamlets  generally  straggle  far  and  widely  over  the  face  of  the 
country,  instead  of  coinciding  with  any  points  indicated  on  the  map,  does  not  at  all  assist  one  iu 
axiiig  one's  whereabouts  in  the  absence  of  landmarks. 
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north-east  of  the  Yoldaseput  of  the  map.  Traces  of  the  former  eastward  extension 
of  the  grits  were  noted  on  the  eastern  flank  of  the  Kodalam  Pothai,  and  on  high 
ground  half  a  mile  or  so  to  the  northward  of  the  cutcherry  at  Paurashalay.  The 
beds  composing  this  patch  of  Warkilli  rocks  have  undergone  greater  superficial 
denudation  than  those  in  the  Karruchel  patch  to  the  north-west. 

In  the  small  patch  lying  east  of  the  Kuletorai  (Cooletoray)  river  some  in- 
structive sections  of  hard  dark  grits  and  underlying  clayey  grits  of  the  usual 
reddish,  bluish,  and  white  mottled  colour  are  to  be  seen  south  of  Klilliur  (Killioor). 
Some  of  the  sections  show  regular  miniature  *  cafions'  15'  to  20' deep,  with  vertical 
sides  and  numerous  well  formed  pot-holes.  Hard  purplish  grits  show  on  the 
surface  between  Killioun  and  Pudukaddi  (Poodoocudday)  and  soft  mottled  grite 
in  a  well  section  close  east  of  the  little  D,  P.  W.  bungalow  at  Tengapatnam, 
(Taingaputnum).  At  the  southernmost  point  of  this  Killiur  patch  the  grits 
become  coarsely  conglomeratic  over  a  small  area.  A  little  to  the  north  of  this 
the  grits,  when  resting  on  the  basset  edge  of  a  bed  of  granular  quartz  rock, 
present  the  characters  of  a  perfect  arkose,  made  up  of  the  angular  gneiss  debris. 
In  places  this  arkose  might  be  most  easily  mistaken  for  a  granitic  rock. 

A  distinctly  conglomeratic  character  is  shown  by  the  grit  beds  close  to 
Madalam  (Muddaulum),  This  Madalam  patch  of  Warkilli  sandstones  is  on  its 
southern  side  deeply  cut  into  by  a  gully  which  exposes  regular  clifEs  with  from 
35  to  40  feet  of  coarse  or  conglomeratic  mottled  grits,  capped  by  thick  red  soil. 
The  grits  contain  many  large  clay  galls  and  lumps  of  blue  or  mottled  colour. 

In  the  Kolachel  (Collachull)  patch  the  grits  are  extremely  well  exposed  in 
deep  cuttings  (miniature  cafions)  made  by  the  stream  rising  just  west  of  Neyur. 
They  are  of  the  usual  mottled  description.  Where  seen  at  the  eastern  side  of 
the  patch  near  the  Eranil  (Yerraneel)  cutcherry  they  are  quite  conglomeratic. 

They  are  exposed  also  in  a  gully  crossing  the  road  which  runs  north  from 
Kolachel  to  join  the  main  road,  and  in  a  well-section  on  the  high  ground  a  mile 
north-eastward  of  the  little  town.  The  south-eastern  part  of  the  patch  is 
entirely  obscured  by  a  great  thickness  of  dark  red  soil.  They  peep  out,  however, 
below  the  red  soil  at  the  western  end  of  the  great  tank  3  miles  south  of  Eranil 
(Yerraneel) . 

A  very  thin  bed  of  conglomeratic  grit  underlies  the  terij  or  red  sand-hill, 
capping  the  high  ground  north  of  the  Muttum  (Moottum)  headland.  Further 
east  a  few  poor  sections  only  of  whitish  or  mottled  grit  prove  the  extension 
of  the  Warkilli  beds  in  that  direction,  nor  are  they  well  seen  again  till  close 
into  Kotar,  where  they  show  in  various  wells  and  tanks,  but  are  still  better  seen 
in  a  deep  rain  gully  south  of  the  travellers'  bungalow  at  Nagar  Koil,  and  in 
a  broad  cutting  immediately  to  the  east  of  the  bungalow.  The  variegated  gi-itty 
sandstones  here  seen  are  very  characteristic,  and  strongly  resemble  some  of 
the  typical  varieties  in  South  Arcot  and  Madras  districts. 

To  the  south  of  Kotar  the  grits  are  to  be  seen  in  streambeds  opening  to  the 
Purrakay  tank,  and  in  a  series  of  deep  rain  gullies  on  the  eastern  slope  of  a  large 
red  soil  plateau  to  the  south-west  of  Purrakay. 

A  small  patch  of  gritty  sandstones  of  similar  character  to  the  above  occurs 
immediately  north  and  north-west  of  Cape  Comorin.     As  a  rule,  they  are  badly 


PABT  1.]  Foote:   Geolopy  of  South  TmvnwQovc.  29 

exposed,  being  mncli  masked  by  the  red-blown  sand  of  a  small  teri.  The  most 
accessible  section  is  a  small  one  seen  in  the  bottom  of  a  good-sized  bowrie,  a  little 
south  of  the  junction  of  the  roads  coming  from  Trevandrum  and  Palamcotta. 
This  section  can  only  be  seen  when  the  water  in  the  bowrie  is  low.  A  consider- 
able spread  of  similar  greyish  or  slightly  mottled  grits  is  exposed  about  half  a 
mile  to  the  north-east  of  Cova  Golum,  and  1|  miles  north-west  of  the  Cape. 
Lying  between  the  two  exposures  just  mentioned,  but  separated  from  either  by 
spreads  of  blown  sand,  is  a  different  looking  vermiculated  mottled  grit  of  much 
softer  character.  This  is  extensively  exposed  in  the  banks  of  a  nullah  and  head- 
water gullies  falling  into  the  Agusteshwar.  The  colour  of  this  soft  o^rit  ranges 
from  red,  through  buff  to  whitish.  The  beds  roll  to  the  northward.  This  grit 
is  full  of  vermicular  cavities  filled  with  white  or  reddish  kankar  (impure 
carbonate  of  lime).  The  grit  seems  to  graduate  upward  into  a  thick  red  gritty 
soil  full  of  small  whitish  red,  impure  (gritty)  calcareous  concretions.  There  is 
good  reason,  however,  for  thinking  that  this  graduation  is  merely  apparent,  and  that 
the  red  gritty  soil  is  only  the  base  of  a  red  sand-hill,  or  teri,  undergoing  change 
by  percolation  of  caJcif erous  water.  A  hard  brown  grit  is  exposed  for  a  few  square 
yards  just  north  of  the  junction  of  the  two  roads  above  referred  to.  This  rock  has 
except  in  colours,  considerable  resemblance  to  the  red. white  grit  just  described 
and  both  probably  overlie  the  pale  mottled  grits  near  Covacolum. 

The  last  patch  of  grits  to  be  mentioned  forms  almost  the  extreme  easterly 
angle  of  the  Travancore  territory,  and  lies  to  the  eastward  of  the  southernmost 
group  of  hills  and  along  its  base.  Not  many  sections  of  the  grit  are  here  exposed 
owing  to  a  thick  red  soil  formation  which  laps  round  the  base  of  the  hills,  and  is 
only  cut  through  here  and  there  by  a  deep  rain  gully  or  a  well.  The  grits  here  seen 
are  like  those  exposed  near  the  travellers'  bungalow  at  Nagar  Koil,  but  show 
much  more  bedding  and  are  almost  shaly  in  parts.  The  colour  of  the  grit  is 
white,  pale  drab  or  grey  mottled  with  red  and  brown  in  various  shades.  They 
lie  in  depressions  in  the  gneiss,  and  were  either  always  of  much  less  importance 
and  thickness  than  the  beds  to  the  west,  or  else  have  been  denuded  to  a  far 
greater  extent.  They  are  best  seen  in  gullies  to  the  south-west  and  west  of 
Rnsshon  Kristnapur,  7  miles  north  of  Cape  Comorin,  and  in  the  beds  of  the 
small  nullahs  west  and  north-west  of  Comaravaram  opposite  the  mouth  of  the 
Arambuli  pass.  None  of  these  Warkilli  grit  beds  occurring  between  Trevandrum 
and  Cape  Comorin  have  yielded  any  organic  remains  as  far  as  my  research  has 
gone,  and  I  fear  none  will  be  obtained  by  subsequent  explorers.  The  alum  shales 
occurring  in  Dr.  King's  Warkilli  section  have  not  been  traced  in  South  Travancore, 
and  I  had  not  the  good  fortune  to  come*  across  any  lignite.  It  is  said  to  occur 
not  unfrequently  to  the  south  of  Kolachel,  and  to  be  turned  up  by  the  people 
when  ploughing  their  fields.  I  have  no  reason  to  doubt  this,  for  it  is  extremely 
probable  that  some  of  the  clayey  beds  should  contain  lignite.  From  the  configura- 
tion of  the  ground,  too,  the  paddy  flatalong  the  southern  boundary  of  the  Kola- 
chel grit  patch  would  coincide  in  position  with  some  of  the  clayey  beds  near  the 
hase  of  the  series  which  are  lignitiferous  at  Warkilli  ;  and  why  not  at  Kolachel  ? 

The  recent  discovery  of  lignite  in  the  Cuddalore  sandstones  at  Pondicherry 
adda  greatly  to  the  probability  of  the  correctness  of  Dr.  King's  and  my  conclusion 
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(arrived  at  by  us  separately  and  independently  before  we  had  an  opportunity  of 
comparing  notes)  that  this  gritty  bed  in  Tinnevelly  and  Travancore  should  be 
regarded  on  the  grounds  of  petrological  resemblance  and  identity  of  geographical 
position  as  equivalents  of  the  Cuddalore  sandstones  of  the  Coromandel  coast. 

The  question  of  the  age  of  these  Cuddalore  or  Rajahmundry  or  Warkilli 
sandstones  I  propose  to  examine  in  the  Memoir  on  the  Greology  of  the  Coastal 
region  of  Tinnevelly  and  Madura  districts  which  I  am  now  preparing. 

The  Marine  Beds. 

At  Cape  Comorin  and  two  other  places  along  the  coast  to  the  northward  are 
formations  of  small  extent  but  very  considerable  interest,  which,  by  their  mineral 
constitution  and  by  the  abundance  of  fossil  marine  shells  they  enclose,  show  them- 
selves to  be  of  marine  origin,  and  thus  prove  that  the  coast  line  of  the  peninsula 
has  undergone  some  little  upheaval  since  they  were  deposited.  These  beds  are  to 
be  seen  close  to  the  Cape  at  the  base  of  a  small  clifE  which  occurs  immediately 
south  of  the  Residency  bungalow,  and  only  about  200  yards  west  of  the  Cape 
itself.  The  annexed  plate  is  a  truthful  sketch  of  the  little  cliff,  taken  from  a 
mass  of  gneiss  rock  projecting  some  little  distance  out  to  the  south.  The  rocks 
seen  in  the  surf,  and  immediately  behind  it  on  the  beach,  are  all  gneiss.  The  base 
of  the  small  cliff  is  composed  of  friable  gritty  calcareous  sandstone,  full  of  com- 
minuted shells.  The  base  was  not  exposed  at  the  time  I  examined  this  section,  some 
heavy  gale  having  piled  up  the  beach  sand  against  the  foot  of  the  cliff,  and  for  this 
reason  it  was  impossible  to  trace  the  probable  connection  of  this  sandstone  with 
another  exposed  at  a  slig*htly  lower  level  at  a  few  yards  distance  to  the  west  and 
just  beyond  the  left-hand  limit  of  the  sketch.  This  lower  bed  is  similar  in 
mineral  character,  but  very  hard  and  tough,  and  offers  great  resistance  to  the  surf, 
but  has  nevertheless  been  deeply  honeycombed  and  in  places  quite  undermined. 
The  roof  of  the  miniature  caves  thus  formed  have  in  some  cases  fallen  in,  but 
have  been  partly  re-cemented  by  deposition  of  calcareous  matter  in  the  lines 
of  fracture.  To  return  to  the  cliff  section,  the  basement  sandstone  is  overlaid  by 
a  similar  but  slightly  harder  yellowish  friable  bed,  which  contains  many  unbroken 
shells  (all  of  living  species),  in  addition  to  a  great  quantity  of  comminuted  ones. 
The  base  of  ihQ  lower  bed  is  hidden  by  sands,  but  from  the  proximity  of  the  gneiss 
it  cannot  exceed  5  or  6  feet  in  thickness,  while  the  overlying  shelly  bed  measures 
about  the  same.  It  is  overlaid  in  its  turn  by  a  massive  bed,  6  to  10  feet  thick 
locally,  of  a  kind  of  travertine  formed  of  altered  blown  sand,  composed  mainly  of 
fully  comminuted  shells.  This  travertine  contains  immense  numbers  of  shells  and 
casts  of  Helix  vittatay  the  commonest  landshell  in  the  south ;  it  will  be  described 
specially  further  on.  Owing  to  the  soft  character  of  the  marine  sandstones,  the 
cliff  has  been  much  undermined  by  the  tremendous  surf  which  breaks  on  this 
coast  in  bad  weather,  and  great  masses  of  the  hard  travertine  of  the  Helix  bed 
have  fallen  on  to  the  beach,  as  shown  in  the  sketch,  forming  a  partial  break- 
water against  the  inroads  of  the  sea. 

The  shells  contained  in  the  upper  sandstone  bed  were  all  found  to  be  of  living 
species,  where  sufficiently  well  preserved  to  admit  of  identification,  the  majority 
of  the  specimens  are  too  ill  preserved  for  specific  identification.     Four  miles  north* 
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north-east  from  "  the  Cape,"  as  it  is  locally  termed,  stands  the  little  stoDe-built  fort 
of  Watta  Kotai  (Watta  Kotha),  which  is  built  npon  a  small  patch  of  calcareous 
sandstone,  full  of  marine  shells,  exposed  in  the  moat  along  the  north  face  of  the 
long  curtain  wall  which  joins  Watta  Kotai  fort  with  the  extensive  series  of  fortifi- 
cations known  as  "  the  Travancore  lines."  The  marine  limestone  may  be  traced  for 
nearly  hajf  a  mile  inland  in  the  bottom  of  the  moat.  This  marine  bed  is  overlaid 
by  a  very  thin  bed  of  travertine  limestone  full  of  Helix  vittata ;  it  has  been  cut 
through  in  the  formation  of  the  moat.  The  thickness  of  the  shelly  marine  bod  is 
unknown,  but  the  Helix  bed  is  not  seen  to  exceed  10''  or  1'  in  thickness.  As  far  as 
seen  in  the  very  small  exposure,  both  formations  lie  nearly  horizontally.  Another 
small  exposure  of  the  marine  bed  occurs  at  the  western  end  of  a  little  backwater 
(not  shown  in  the  map)  to  the  north  of  the  port.  The  sandstone  here  contains 
many  well  preserved  marine  shells,  all  of  living  species  ;  but  further  west,  where 
the  bed  is  exposed  below  theHelix  bed  in  the  moat  the  enclosed  shells  are  all  broken 
and  comminuted.  The  surface  of  sandstone,  as  seen  at  the  end  of  the  little  back- 
water, is  raised  but  a  very  little  distance  above  the  sea  level,  probably  not  more 
than  4  or  5  feet  at  the  outside.  The  rise  of  the  ground  along  the  moat  is  ex- 
tremely small,  and  even  at  the  furthest  point  from  the  sea  at  which  the  sandstones 
are  exposed  the  elevation  is  probably  not  more  than  10  or  12  feet  at  most,  which 
would  correspond  with  the  top  of  the  sandstones  as  seen  in  the  little  clifE  at  Cape 
Comorin. 

About  2  miles  north-east-by-north  of  Wattakotai  fort  a  small  patch  of  white 
shelly  limestone  occurs  peeping  out  of  the  low  belt  of  blown  sand  which  fringes 
the  coast  at  that  spot.  The  village  of  Kanakapur  which  lies  immediately  to  the 
north  is  the  last  within  the  Travancore  boundary.  The  limestone  only  stands 
out  a  few  inches  above  the  surface  of  the  surrounding  sands,  and  no  section  could  be 
found  to  show  its  thickness,  but  in  point  of  elevation  above  the  sea  level  it  agrees 
perfectly  with  the  Watta  Kotai  and  Cape  Comorin  beds.  The  limestone  which 
is  fairly  hard  is  quarried  for  economic  purposes,  and  unless  a  good  deal  more  of 
the  bed  than  now  meets  the  eye  remains  hidden  under  the  sands;  it  will,  before 
many  years  are  over,  have  been  removed  by  human  agency. 

The  shell-remains  occur  as  impressions  and  casts  of  great  beauty  and  perfect- 
ness,  but  the  shelly  matter  has  disappeared  entirely,  being  probably  slightly  more 
soluble  than  the  enclosing  limestone.  The  limestone  contains  a  large  number  of 
specimens  of  Selix  vittata  which  were  evidently  carried  out  to  sea  and  there 
entombed  in  a  shallow  water  formation.  To  any  one  who  has  noticed  the  enor- 
mous numbers  of  this  Helix  living  in  this  neighbourhood,  and  in  the  southern 
districts  generally,  the  large  number  of  it  occurring  fossil  in  this  marine  bed 
will  be  a  matter  of  no  surprise.  ** 

The  Blown  Sands, 

Two  very  marked  varieties  of  ^olian  rocks  occur  along  or  near  the  coast  of 
South  Travancore,  as  well  as  along  that  of  Tinnevelly ;  they  are  the  red  sands, 
forming  the  well  known  teris  of  Tinnevelly,  where  they  are  developed  on  a  far 
larger  scale,  and  the  white  sands  forming  the  coast  dunes.  In  South  Travancore, 
as  far  as  my  observation  went,  the  red  sand  hills  are  no  longer  forming ;   all  are 
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undergo  ing  the  process  of  degi*adation  by  atmospLeric  ageaoies,  at  various  rates 
of  speed.  The  red  sands  have  in  many  places  ceased  to  yield  to  the  influence  ot 
the  winds  and  have  anived  at  a  condition  of  fixity  and  compaction  caused  by  the 
action  of  rain  falling  upon  the  loose  sands  percolating  through  them  and  during 
heavy  showers  flowing  over  their  surfaces  and  washing  the  lighter  clayey  and 
smaller,  though  heavier,  ferruginous  particles  down  the  slopes  of  the  hills  or  into 
hollows  on  the  surface,  where,  on  drying,  a  fairly  hard,  often  slightly  glazed,  sur- 
face of  dark  red  loam  has  been  formed.  This  loam  is  very  fairly  fertile  and  soon 
becomes  covered  with  vegetation,  which  further  tends  to  bind  the  mass  together 
and  render  the  surface  secure  from  wind  action.  The  loose  sand,  deprived  of 
the  clayey  and  finer  ferruginous  particles,  would,  unless  unusually  coarse  in  grain, 
be  carried  ofE  by  high  winds  elsewhere  or  remain  in  barren  patches  on  the  surface. 
I  believe  this  process  has  gone  on  extensively  over  many  parts  of  South  Travan- 
core,  and  explains  the  existence,  on  the  surface  of  the  country  and  resting  indis- 
criminately on  the  gneiss  and  the  younger  rocks  as  the  Warkilli  sandstone,  of  the 
great  thick  sheets  of  pure  red  loam  which  have  not  been  brought  there  by 
ordinary  aqueous  deposition  nor  formed  tn  situ  by  the  decomposition  of  the  under- 
lying rocks.  The  percolation  of  the  rain-water  through  the  mass  has  in  many 
places  given  rise  to  the  formation  of  concretionary  ferruginous  masses,  which  are 
often  strongly  lateritoid  in  their  aspect.  The  quantity  of  clayey  matter  and  of 
iron  ore  in  the  form  of  magnetic  iron  is  very  great  in  the  sand  of  many  of  the 
teris.  The  greater  quantity  of  the  water  falling  on  the  teris,  as  on  other  blown 
sand  surfaces,  escapes  by  percolation,  and  it  is  a  common  phenomenon  to  find  springs 
issuing  around  the  foot  of  the  sand  mass  during  the  rainy  season  and  becoming 
diy  in  the  hot  or  rainless  season. 

The  teris  in  South  Travancore  which  still  retain  their  cluuracter  as  accumula- 
tions of  moviug  red  sands  are  four  in  number  and  all  very  small,  the  largest  not 
measuring  one  square  mile  in  area.  They  are  all  close  to  the  coast  and  with  one 
exception  stand  high  and  conspicuous  to  ships  passing  along  at  a  fair  distance. 
The  largest  and  most  conspicuous  is  that  at  Muttum  which  caps  the  high  ground 
with  the  new  light-house.  The  process  of  fixation  has  gone  on  here  largely  and  the 
moving  sands  cover  a  much  smaller  space  than  does  the  fixed  portion^.  The  same 
may  be  said  of  the  teri  resting  on  the  south-eastern  extremity  of  the  Kolache 
(Colachul)  sandstone  plateau.  To  the  north-west  of  Kolachel  are  two  much  smaller 
teris  at  the  distances  of  3  and  5^  miles  respectively.  In  both  of  these  also  the 
area  of  the  fixed  sand  far  exceeds  that  of  the  loose.  Especially  is  this  the  case 
in  the  more  northerly  teri  near  Mel  Madalatorai  (Maila  Maddalaitoray).  Here 
the  fixed  part  has  undergone  tremendous  erosion  and  is  traversed  by  long  and  deep 
rain  gullies,  with  vertical  sides  up/o  20  or  25  feet  high.  Gullies  on  a  yet  larger 
scale  are  to  be  seen  at  the  south-east  comer  of  the  Kolachel  sandstone  patch  and 
at  the  eastern  side  of  the  Muttum  patch.  Very  large  but  shallower  gullies  are  to 
be  seen  at  the  south-east  comer  of  the  Nagarcoil  patch,  where  there  is  a  very  large 
fixed  teri. 

'  I  have  shown  tho  extent  of  the  nnfixod  or  moving  teris  on  tho  uiap ;  the  fixed  ^mrt  I  have 
treated  as  a  soil  and  ignored  accordingly. 
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The  small  teri  immediately  behind  Cape  Comorin  is  a  very  poor  specimen 
of  its  kind,  tmd,  in  fact,  hardly  deserves  to  rank  as  one  owing  to  its  pale  coloui' 
and  poverty  in  iron  sand,  but  it  will  not  do  to  class  it  as  a  coast  dune,  as  it  con- 
sists mainly  of  silicious  sand,  while  the  true  dunes  at  the  Cape  consist  mainly 
of  calcareous  sand  composed  of  conmiinuted  eftiells,  corallines,  nullipores,  <&c. 

The  sand  of  the  typical  teris  is  silicious  or  ferruginous  (magnetic  iron),  the 
former  being  well  rounded  and  coated  with  a  film  of  red  oxide  of  iron,  which 
is  remoTeable  by  boiling  in  nitric  acid  for  a  few  seconds.  Common  sbs  gamot 
sand  is  on  the  beaches  of  South  Travancore,  I  never  yet  found  a  grain  of  it  in 
the  ten  sand,  where  the  latter  was  pure  and  had  not  been  mixed  with  beach  sand . 
Moch  difficulty  exists  as  to  the  source  whence  the  red  sand  was  derived ;  but  I  will 
not  attempt  to  discuss  this  question  here,  as  I  hope  to  treat  it  at  much  greater 
length  than  I  could  now,  in  a  Memoir  on  the  Geology  of  Tinnevolly  and  Madura 
districts  which  I  have  in  preparation. 

The  coast  dunes  of  South  Travancore  are,  except  close  to  the  Cape,  in  no  way 
remarkable,  A  large  patch  of  small  hillocks  to  the  north-west  of  the  mouth 
of  the  Kuletorai  (Cooletoray)  river  was  caused  by  the  wind  shifting  a  great  mass 
of  sand  turned  out  when  the  new  canal  was  dug  and  heaped  up  on  the  north 
bonk  of  the  canal. 

Some  tolerably  high  ridges  occur  3  miles  south-west  of  Kolachcl.  The  sand 
here  contains  so  much  fine  magnetic  iron  that  it  looks  in  pails  of  a  dark  grey 
colour,  shading  here  and  there  almost  into  absolute  blcu^k. 

A  considerable  quantity  of  blown  sand  fringes  the  coast  from  the  Muttum 
headland  eastward  to  Cape  Comorin,  and  between  Pollum  and  Culladevella  forms 
some  considerable  hills.  At  Covacolum  the  highly  calcareous  beach  sand  which 
forms  many  low  hillocks  has  been  solidified  in  several  places  into  coarse  shelly 
limestone.  The  Helix  bed  at  Cape  Comorin  already  referred  to,  when  treating 
of  the  Marine-beds,  is  really  an  altered  sand  dune,  the  calcareous  matter  of 
which  has,  by  percolation  of  acidulated  water,  been  dissolved  and  re-deposited,  on 
evaporation  of  the  water,  as  a  sabaerial  travertine.  Countless  thousands  of  Helix 
viitata,  and  a  considerable  number  of  shells  of  Nanina  tranquebarica,  the  two 
conimonest  land  shells  in  this  part  of  India,  have  been  inclosed  and  fossilised  in 
the  fonnation  of  this  travertine,  which  is  evidently  in  constant  progress.     The 

• 

inunense  wealth  of  shellfish  of  all  kinds,  added  to  large  quantities  of  corallines 

^d  nullipores,  incessantly  thrown  up  by  the  surf,  furnishes  an  abundant  supply 

®^  calcareous  sand  for  the  formation  of  this  travertine,  which  forms  a  bank  more 

*^  a  mile  long  and  rising  some  80  feet  or  more  above  the  sea  at  its  highest 

P^hit.    Its  inland  extent  cannot  be  ascertained,  as  it  is  covered  by  loose  sands. 

"  probably  only  extends  300  to  400  yards  inland  and  abuts  against  a  low  ridge  of 
gneiaa. 

Coral  Beefs. 

A  few  tiny  fringing  reefs  are  to  be  seen  half  to  three-fourths  of  a  mile  west  of  the 
^ape,  half  in  the  surf  at  low  tide,  and  wholly  in  it  at  high  tide.  They  are  now  to 
"^  considered  as  dead  reefs,  abandoned  by  the  polypes  that  built  them.  I  examined 
^08t  of  them  carefully,  without  finding  any  live  coral,  and  was  inclined  to  doubt 
^  Qorrectness  of  my  inference,  drawn  from  their  tabular  shape  and  many  shul- 
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low  basin-like  cavities ;  but  later  on,  when  examining  some  identical  fringing 
reefs  off  the  TinneTelly  coast  to  the  Bonth  of  Kndung  Kulam  trigonometrical 
station  (the  south  point  of  the  Cape  Comorin  base-line),  I  found  a  considerable 
quantity  of  live  coral  lining  the  sides  of  the  little  basins,  and  equally  large 
quantities  of  coral  quite  recently  d^kd  in  adjoining  basins. 

A  great  deal  of  shell  debris,  sand  and  broken  stone,  is  included  in  the  mass 
of  the  reefs  which  in  several  places  have  formed  around  masses  of  rock  standing 
in  leather  shallow  water,  and  joined  up  many  loose  blocks  of  stone  tossed  on  to 
them  by  the  surf  iuto  tremendously  coarse  conglomerates.  Some  similar  reefs, 
but  of  rather  larger  size,  occur  along  the  coast  to  north-east  of  Cape  Comorin ; 
in  these  the  tabular  mass  extends  from  10  to  40  and  50  feet  in  width,  from  the 
shore  to  the  constantly  surf -beaten  outer  edge.  In  one  or  two  places  parts  of  the 
reef  had  evidently  been  founded  on  sand,  which  had  been  washed  away,  leaving 
an  unsupported  surface  of  many  square  yards  in  extent,  which  the  surf  of  the 
next  high  tide  or  first  gale  of  wind  would  either  break  up  or  else  again  support 
with  sand  washed  under  it.  These  little  reefs  are  worthy  of  much  closer  ex- 
amination than  I  was  able  to  bestow  upon  them. 

The  coral  fauna  of  the  Cape  Comorin  sea  is  on  the  whole  a  remarkably  poor 
one,  as  far  as  one  may  judge  by  what  is  to  be  found  thrown  up  on  the  be»eh. 
Dredging  might  reveal  much  more,  but  unfortunately  no  boats  are  to  be  found  there, 
only  Kattumarams  (Catamarans),  which  would  not  be  the  most  convenient  form 
of  craft  from  which  to  carry  on  scientific  observations.  The  sea  here  is,  however, 
so  very  rich  in  animal  life  in  many  forms,  that  it  would  assuredly  afford  a  rich 
reward  to  any  one  having  a  suitable  vessel  at  command.  I  obtained  in  a  very 
short  time  a  far  larger  number  of  species  of  shells  here  than  at  any  other  place  on 
the  Indian  coast. 

SoiU. 

The  prevalent  soils  are  red  ones,  varying  in  the  quantity  of  their  ferruginous 
clement.  The  red  soils  seen  inland  near  the  main  trunk  road  are  chiefly  formed 
of  gneissic  debris  by  subacrial  decomposition.  The  origin  of  the  deep  red  sandy  or 
clayey  loams  has  already  been  discussed  {ante,  page  32).  They  occupy  no  in- 
considerable area.  True  alluvial  soils  occur  very  rarely,  if  at  all,  now-a-days;  those 
which  fill  the  bottoms  of  the  many  valleys  and  creeks  in  which  paddy  is  cultivated 
being  greatly  altered  from  their  original  condition  by  centuries  of  cultivation,  and 
the  addition  of  various  mineral,  vegetable,  and  animal  manures.  Estuarine  beds 
full  of  subfossil  shells,  Cytherea,  Pottamides^  Melania,  <&c.,  of  living  species  are 
exposed  in  the  salt  pans  at  the  mouth  of  the  Kolachel  nullah. 

The  alluvium  in  the  valley  of  the  Paleyar,  which  flows  south  from  the  west 
flank  of  Maheudragiri  past  Nagurkoil,  is,  where  pure,  a  coarse  gritty  silt. 

Economic  Geology, 

Valuable  minerals  and  metals  are  conspicuous  by  their  absence  in  the  part  of 
South  Ti*avancore  I  had  the  pleasure  of  exploring.  I  came  across  no  sign  of 
any  mineral  industry,  except  the  preparation  of  sea-salt  in  the  pans  near  Kolachel, 
and  traces  of  an  old  iron  smelling  industry  carried  on  formerly  at  foot  of  the  now 
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bare  and  rocky  hills  east  and  north-east  of  Myladdy  and  some  7  miles  nort)i-west- 
by-north  of  Cape  Comorin.  Judging  from  the  large  quantity  of  iron  slag  here 
remaining,  the  smelting  industry  must  have  been  an  important  one  for  native 
workmen.  I  could  get  no  information'about  it  on  the  spot.  I  met  with  no  existing 
iron  smelting  industry  in  the  villages  I  traversed,  probably  because  of  the  absence  of 
rich  supplies  of  iron  ores.  The  supply  of  beautiful  building  stone  is  practically  un- 
limited, but  not  much  use  seem  to  have  been  made  of  it.  Travancore  architects 
Bceming  to  prefer  the  use  of  wood,  the  chief  large  stone  buildings  are  the  extensive 
fortifications  erected  to  bar  the  way  into  the  country  from  the  eastward,  and  known 
as  the  Travancore  lines.  They  are  mostly  built  of  gneiss,  Wattakotai  port  already 
referred  to  being  a  very  fine  example  of  excellent  well-cut  masonry.  At  the 
extreme  south  end  of  the  lines,  where  they  abut  on  the  sea  near  Cape  Comorin, 
blocks  of  the  marine  sandstone  have  been  employed  in  the  walls  to  some  extent, 
but  have  been  much  affected  by  weathering.  The  old  fort  at  Udagiri  (Oodagerry) 
ia  another  extensive  stone  building. 

Of  the  temples,  which  are  usually  fine  specimens  of  stone  work  in  South  India, 
I  haye  nothing  to  say.  Non-Hindus  may  not  approach  them  for  fear  of  rousing 
the  fury  of  the  ultra-bigoted  Brahmans,  who  unfortunately  retain  far  too  much 
power  in  Travancore,  and  exercise  it  to  the  detriment  of  the  country  generally. 

Some  of  the  hard  sandstones  of  the  Warkilli  series  have  been  used  for  build- 
ing to  a  limited  extent,  and  I  noticed  not  far  from  Puar  a  good  example,  perfectly 
i^ew,  of  a  stone  cattle-trough  cut  out  of  homogeneous  pale,  purple  and  white,  hard 
lithomarge  of  very  jaspideous  appearance.  I  did  not  see  a  similar  rock  in  situ^ 
Iwit  it  evidently  came  from  some  bed  belonging  to  the  Warkilli  series. 


Some  notes  on  the  Geology  of  Chamba  by  Colonel  C.  A.  MgMahon,  F.G.S. 

I  propose,  in  the  present  paper,  to  give  the  results  of  some  tours  in  the  moun- 
tains adjoining  Chamba,  in  continuation  of  my  papers  "on  the  geology  of 
I^alhousie,"  and  "  on  the  section  from  Dalhousie  to  PAngi "  ;  and  I  pre-suppose, 
on  the  part  of  the  reader,  a  knowledge  of  the  facts  recorded  in  those  papers. 

In  the  first  instance,  I  shall  ask  the  reader  to  accompany  me  from  Basaoli, 
over  the  Banjal  (Banjil)  and  Chattar  DhAr  passes,  to  BhadarwAr  (Badrawar). 

Leaving  Basaoli,  the  Siwaliks  continue  with  a  steady  N.-E.  5°  E.  dip  all 
the  way  to  Bhond  (Pood).  About  half-way  to  the  latter  village,  the  coarse 
conglomerates  of  this  series  give  way  to  red  clays  and  massive  sandstones,  which 
in  their  turn  are  succeeded,  near  Bhond,  by  a  fine-grained  conglomerate,  corre- 
sponding to  the  topmost  Siwalik  beds  of  the  Danera-Dalhousie  section. 

At  Bhond,  the  Siwaliks  dip  under  indurated  red  clays  and  fine-grained 
sandstones  of  dark-grey  colour.  Both  the  clays  and  the  sandstones  are  full  of 
fine  specks  of  a  silvery  mica.  These  rocks,  I  presume,  represent  the  Dagshai  and 
Kasauli  groups  of  the  Sirmur  series.  They  dip  N.  11°  E.,  and  extend  as  far  as 
Seloo. 

These  beds  are  followed  by  a  massive  quartzite  of  whitish  colour,  dipping  east 
and  then  by  the  slates  and  limestones  of  the  carbo-triassio  series,  which  have  also 
an  easterly  dip.     The  limestones  are  the  ribbed  variety  previously  described,  and 
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they  continnc  to  the  top  of  the  Binjal  pass,  the  elevation  of  which  is,  according  to 
my  aneroid  barometer,  6,325  feet  above  the  sea.  At  the  top  of  the  pass  the  rocks 
dip  S.-W.  11°  S.,  but  the  dip  is  high  and  nearly  vertical.  The  carboniferous 
slates  become  very  black  as  the  gneiss  is  neared. 

About  2  miles  below  the  top  of  the  pass,  on  the  northern  side,  the  first  out- 
crop of  gneiss  appears.  The  rock,  as  seen  in  this  section,  is  a  thoroughly  crys- 
talline gneiss,  but  it  is  never  granitoid.  Its  dip  is  nearly  perpendicular.  The 
gneiss  continues  down  to  the  Sewa  river, — ^the  river  that  flows  from  the  Chattar 
Dhar  into  the  Ravi, — and  as  the  stream  is  approached  the  dip  becomes  more 
moderate. 

On  the  descent  to  the  Sewa  there  is  a  bed  or  dyke  of  fissile  trap,  about  20 
feet  wide,  in  the  gneiss.  It  appears  to  be  a  decomposed  diabase.  It  is  of  greenish- 
grey  colour  and  its  specific  gravity  is  2*95.  Under  the  blowpipe  it  fuses  readily 
to  a  black  magnetic  bead.  The  microscope  reveals  pieces  of  still  unaltered 
angite  here  and  there.  Felspar  may  be  traced  in  it,  but  it  is  greatly  altered. 
A  banded,  or  pseudo-foliated  appearance,  observable  in  this  rock,  is  due  probably 
to  the  infiltration  of  water  along  lines  of  cleavage  due  to  traction  or  pressure. 
Along  these  lines  minute  granules  of  quartz — some  of  them  of  elongated  form- 
are  visible.  This  mineral  is  doubtless  a  secondary  product.  The  quartz  does 
not  contain  any  fluid  cavities  which  are  very  abundant  in  the  quartz  of  the 
gneiss. 

At  the  point  where  the  road  strikes  the  Sewa,  the  gneiss  is  succeeded  by 
blue,  micaceous  slate,  and  as  Bani  is  neared,  the  dip  of  the  strata  reverts  to 
N.  11°  W.  The  schistose  rocks  are  of  a  type  commonly  seen  in  the  neighbour- 
hood of  Dalliousie  (as,  for  instance,  on  the  road  to  Chuari),  crumbling  to  a  soft 
bluish- white  powder,  suggestive  of  french-chalk. 

The  outer  band  of  gneiss  is,  in  this  section,  some  thousands  of  feet  thick. 

I  observed  no  outcrop  of  the  trappean  zone  in  this  section ;  it  has  apparently 
cither  thinned  out,  or  has  been  cut  off  by  a  fault. 

Schistose  rocks,  dipping  N.-E.  15°  N.,  all  of  which  could  be  matched  in  the 
Dalhousie  area,  continue  from  Bani  to  Loong,  where  the  "  central  gneiss  "  crops 
out  on  the  right  bank  of  the  Sewa.  It  runs  thence  in  a  nearly  straight  line, 
following  the  direction  of  the  river  and  keeping  on  the  right  bank  through 
Ghunchli  (Chounchli),  and  crosses  the  Sewa  some  distance  above  the  last-named 
village. 

At  first  the  slates,  in  contact  with  the  "  central  gneiss,"  dipped  B.  11°  N. 
away  from  the  granitic  rock,  but  afterwards  they  became  perpendicular. 

The  granitoid  gneiss  here  is  a  porphyritic  and  perfectly  granitic  rock,  much 
traversed  by  joints,  but  I  could  not  make  out  any  bedding.  At  one  place  I 
noticed  that  it  had  intruded  between  the  bedding  of  the  slates.  It  continues  for 
some  miles,  when  the  slates  re-appear,  dipping  N.-E.  11°  E.  aioay  from  the 
granite.  The  road,  from  this  point,  runs,  almost  along  the  boundary  of  the 
granite  and  slates,  up  to  the  top  of  the  pass  (elevation  9,650').  The  granite  is 
never  far  from  the  road,  on  the  right  bank  of  the  stream  ;  whilst  the  slates  are 
seen  on  the  left  bank  all  the  way  up. 

The  granitoid  gneiss  continues  to  be  seen  on  the  left  of  the  road  for  about 
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2|  miles  down  the  uorth  side  of  the  pass.  From  this  point  the  slates  continne 
down  to  Bhadarw^r.     The  dip  remains  unchanged. 

The  Knnd  Kaplds  (Koond  Kaplas),  in  many  respects,  seems  to  be  an  analogne 
of  the  Chor  mountain  of  the  Simla  area.  It  is  14,241  feet  high,  the  elevation 
of  the  Chor  being  11,982  feet ;  and  like  the  Chor  it  abuts  on  the  plains  and  appears 
to  be  formed  of  *'  central  gneiss.''  It  will  be  seen  from  the  observations  made  on 
this  tour,  that  the  ''  central  gneiss  '*  suddenly  expands  to  a  great  width  of  outcrop 
as  the  '*  Kund  Kaplas  "  is  neared. 

My  route  now  leads  back  over  the  Padri  ^  pass.  The  rocks  seen  en  route  are 
slates,  and  on  the  ascent  of  the  pass  they  are  quite  typical  *'  Simla  slates ;" 
dip,  N.-E.  6°  N. 

About  two-thirds  of  the  way  between  Thanala  (Tenala)  and  the  top  of  the 
pass  (elevation  of  top  9,700'),  I  encountered  my  old  friend,  the  "Blaini  conglo- 
merate." It  is  quite  typically  developed,  and  the  detailed  description  given  of 
it  in  my  paper  on  the  Dalhousie  and  Pangi  section  applies  equally  well  to  the 
rock  seen  in  this  section.  On  the  conglomerate  there  rests,  975  feet  below  the 
summit  of  the  pass,  about  50  or  60  feet  of  pale-blue  limestone.  Above  the 
limestones  slates  re-appear.  « 

On  the  descent  of  the  pass,  going  east,  the  slates  are  vertical,  or  nearly  so, 
haying  a  very  high  dip,  sometimes  in  the  normal,  or  north-easterly  direction, 
and  sometimes  in  the  reverse  direction.  This  variable  underlie  prevails,  aloDg 
the  line  of  strike,  in  an  easterly  direction,  as  far,  at  any  rate,  as  Manjir. 

The  conglomerate  re-appears  on  the  road  side,  about  half  a  mile  below  the  top 
of  the  pass.  It  runs  thence  to  near  Langera  (Langaira),  almost  in  a  line  with 
the  road,  cropping  up  on  the  road  side  more  than  once.  Near  Langera  the  out- 
crop is  of  great  thickness. 

Where  the  road,  near  Langera,  descends  to  within  a  few  yards  of  the  river,  the 
conglomerate  contains  a  boulder  of  granitoid  gneiss  1'  3"^  long.  Mr.  Lydekker 
has  already  noted  the  presence  of  granitoid  gneiss  ^  boulders  in  the  slates  of 
the  P&ngi-Lahoul  valley ;  and  the  discovery  of  a  similar  boulder  in  the  siluriiii 
conglomerate,  on  this  side  of  the  snowy  range,  is  interesting  and  important. 

I  saw  numerous  blocks  of  paJe-blue  limestone,  weathering  buff,  in  the  vicinity 
of  the  conglomerate,  between  the  top  of  the  pass  and  Bh^ndal  (Baundal),  but 
I  doubt  if  any  of  them  were  in  situ.  They  probably  indicate  the  presence  of 
the  carbo-triassic  series  in  the  mountains  which  bound  the  north-eastern  side  of 
the  Siul'  valley. 

The  conglomerate  continues  in  the  same  general  direction  as  the  river  the 
whole  way  to  Bhindal.  I  counted  ten  outcrops  of  it,  in  situ,  on  the  road  side, 
between  Langera  and  Bhdndal.  Some  of  these  outcrops  run  with  the  road  for 
a  cxmsiderable  distance. 

^  This  word  is  not  Pidri,  bat  Padri,  wbich  means  flat. 

*  The  presence  of  granite,  or  syenite,  bonlders  in  tbe  conglomerate  at  Gnrais,  in  Easbmir,  is 
ftlfo  noted  by  Mr.  Lydekker  at  p.  24,  Vol.  XII,  Reconls. 

*  Knndi  Maifl  (Kandi  Marl),  the  name  entered  on  the  map,  is  not  the  name  of  the  valley,  as 
one  wookl  suppose,  or  tbe  name  of  tbe  river  that  runs  through  it,  but  the  name  of  an  encamping 
ground,  where  tbe  peg  to  which  a  Raja's  horse  was  tied  is  said  to  have  grown  miraculously  into  a 
big  tree.    Hence  the  name. 
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A  caJcareous  band  (weathering  bnff  ^  crops  out  about  4  miles  to  the  S.-E.  of 
Prangal  (Prungli),  and  re-appears  several  times  afterwards. 

To  the  east  of  Bhdndal  the  conglomerate  runs  with  the  road  for  some 
distance. 

It  will,  perhaps,  conduce  to  clearness,  if  I  note  in  this  place  the  several  out- 
crops of  this  rock  which  I  have,  up  to  date,  noted  along  the  line  of  its  strike  in 
an  easterly  direction.  On  the  ascent  of  the  ridge  between  Dihur  (Duire)  and 
Manjir,  the  conglomerate  crops  out  on  the  road  side,  and,  crossing  the  ridge  with 
the  road,  descends  to  the  river  between  Manjir  and  Kandla. 

In  my  paper  on  the  Dalhousie  and  PAngi  section,  I  did  not  note  the  occurrence 
of  the  conglomerate  on  the  left  bank  of  the  river  to  the  east  of  Manjir,  as,  owing 
probably  to  the  predominance  of  vegetation,  I  did  not  see  any  outcrop  in  situ ; 
but  the  conglomerate,  I  doubt  not,  in  its  eastward  extension,  passes  somewhere 
in  the  neighbourhood  of  Balore. 

I  came  across  another  good  outcrop  of  the  rock  in  the  mouth  of  the  Hulh 
(Hul)  valley,  (immediately  north  of  Chamba),  between  the  villages  of  Baroar  and 
Chambi.  Proceeding  eastwards  from  Chamba  up  the  Bavi  river,  the  conglomerate 
again  appears  on  the  road  side  at  the  bend  of  the  river,  a  little  to  the  east  of  Gun 
(Guar).  It  continues  thence  in  a  nearly  straight  line  to  Chitrdli  (Chitralri) 
and  Sowala,  and  curving  round  above  Naukula,  it  passes  a  little  above  Aulansa 
(Hulans),  and  thence  a  little  to  the  north  of  Grima,  onwards  through  Suchai 
and  Bauri  (near  Barmaor)  to  Poulda  and  Kund. 

I  have  noted  numerous  outcrops  along  the  line  indicated,  but  it  seems  needless 
to  describe  them  in  detail.  The  country  between  the  outcrops  near  Manjir  and 
in  the  Hulh  valley,  and  between  the  latter  and  Gun  on  the  Bavi,  I  have  not  yet 
explored.  I  have,  also,  not  been  to  the  east  of  Harser,  as  the  route  I  followed 
took  me  towards  the  sacred  lake  of  Man  Mhaish  (Manimais) . 

It  is  interesting  to  note  the  continuous  outcrop  of  the  upper-silurian  con- 
glomerate along  a  line  parallel  to  the  granitoid  gneiss,  as  it  confirms  the  conclu- 
dbn  previously  arrived  at,  that  we  have  in  the  Dalhousie- Chamba  section  a 
normal  sequence  of  silurian  rocks  resting  on  the  granitoid  gneiss. 

Between  Chamba  and  Dancho  the  dip  is  north-easterly.  Near  Harser,  the 
dip,  which  had  previously  been  moderate,  becomes  vertical,  but  between  Harser 
and  Dancho  it  again  subsides  into  a  N.  E.  dip. 

Between  Chamba  and  Mahila  (Maila),  the  granitoid  gneiss  crosses  to  the  right 
bank  of  the  Bavi,  at  the  bend  of  the  river  under  Tandola,  re-crossing  to  the  left 
bank  near  Bania.  It  passes  to  the  right  bank,  again,  beyond  Bania,  and  then, 
continuing  its  course  under  Dalgara  and  above  Korauh,  it  finally  leaves  the  river 
near  Mahila. 

At  the  junction  of  the  granitoid  gneiss  and  the  slates,  the  former  is  granitic 
and  the  latter  is  indurated,  and  sometimes  silicious  and  massive.  Under  Dan-- 
gera  (Dalgara),  near  the  junction  of  the  two  rocks,  the  slates  are  contorted,  and 
there  is  a  sudden  reversal  of  dip,  with  more  or  less  local  faulting.    At  the  actual 

'  Bine  limestoneSj  weathering  baff,  is  a  pecoliarity  which  appears  to  be  common  to  several 
bands  of  the  carbo-triassic  series  and  the  Blaini  limestone.  It  does  not  help  to  distinguish  the 
two  series. 
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juDction  the  dip  of  the  slates  is  normal.  The  plane  of  division  between  the 
schistose  slates  and  the  granitoid  gneiss  is  not  sharp,  bat  the  granitoid  gneiss 
appears  to  be  blended  into  the  slates  by  imperfect  intrusion. 

I  now  ask  the  reader  to  return  with  me  to  Chamba,  and  accompany   me  up 
the  Hulh  valley. 

Up  to  the  outcrop  of  the  conglomerate,  between  Baraur  and  Chambi,  the 
rocks  are  Silurians  and  the  dip  normal.  After  Chambi,  the  path  (there  is  no 
made  road,  and  consequently  no  good  road-side  sections)  lies  along  a  fertile  and 
well- wooded  valley.  Vegetation  is  rich,  and  rocks,  in  situ,  are  only  to  be  seen 
here  and  there.     I  saw  no  outcrop  of  limestone. 

A  little  to  the  north  of  Hulh,  I  came  upon  trap  resembling  the  Dalhousie  rock, 
and  it  extended  to  about  the  level  of  Bhaloth  (Balote).  As  I  am  not,  at  present, 
sure  whether  this  outcrop  of  trap  occurs  to  the  north  or  to  the  south  of  the  carbo- 
triassic  series  seen  in  force  south  of  Kalel  (Kalail),  on  the  Chamba  and  Tisa  road, 
I  reserye  further  remarks  on  this  section  until  I  can  explore  the  mountains  round 
the  Bundhurst  station. 

My  route  now  lay  up  the  Hulh  valley,  over  the  high  ridge  at  its  head,  and 
thence  down  to  Kalel.  I  was  able  to  trace  the  boundary  of  the  carbo-triassic  series 
and  the  conglomerate.  The  latter  runs  a  little  to  the  north  of  Sairu,  and  con- 
tinues parallel  to  the  river,  striking  towards  the  ridge  that  terminates  at  the 
bifurcation  of  the  stream.  Numerous  blocks  of  typical  conglomerate  fill  the  bed 
of  the  stream. 

The  section  from  Kalel  to  Tikri  has  been  already  described.  My  route  now 
lay  from  Tikri  to  Himgiri  (Himgir),  and  thence  round  the  Himgiri  station  to 
Dig^  and  Dihur,  and  back  again  along  the  river  to  Himgiri.  The  rocks  about 
Tikri  are  Silurians — ^micaceous  schistose  rocks,  crumbling  to  a  whitish  soapy 
powder. 

The  northern  boundary  of  the  conglomerates  runs  a  little  south  of  Tikri  (not 
the  village  above  alluded  to,  but  another  village  of  the  same  name  under  Himgiri), 
and  thence  to  Laura  towards  the  Himgiri  station,  which  it  leaves  a  little  on  its 
right.  The  southern  boundary  of  the  conglomerate  crosses  the  ridge  west  of 
Kalel  at  Dhar,  and  continues  thence  up  the  Gulel  (Gulail)  valley.  I  met  with 
typical  outcrops  of  the  rock  on  the  ridge  east  of  Bila  (under  the  Himgiri  sta- 
tion), and  again  along  the  ridge  above  Gulel.  I  found  another  good  outcrop  on 
the  ridge  between  Gulel  and  Tiloga. 

The  dip  is  normal  until  Himgiri  is  neared,  when  a  S.-S.-W,  dip  sets  in. 
To  the  west  of  Himgiri,  this  changes  to  a  S.-W.  11°  W.  dip,  and  then  becomes 
nearly  perpendicular.  Beyond  this,  the  dip  reverts  to  the  N-E,  Further  on, 
it  becomes  high  and  wavers  occasionally  to  the  south-west,  but  eventually 
settles  down  to  a  N.-E.  dip« 

In  contact  with  the  conglomerate,  a  trap,  similar  in  its  general  appearance* 
to  the  Dalhousie  rock,  crops  up  along  the  ridge  dividing  the  Gulel  from  the 
Tiloga  valley.    The  outcrop  is  of  considerable  thickness,  and  in  its  S  -W.  extension 

'  I  have  not  as  yet  examined  thlu  slices  of  it  under  the  microscope. 
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it  dominates  the  ridge  numing  down  to  Dibnr,  in  the  neighbonrhood  of  which 
village  it  either  dies  ont  or  is  cnt  off  by  a  fault.  The  ontcrop  appears  to  widen  in 
its  northerly  extension,  and  it  is  evidently  present  in  force  along  the  high  ridge 
N.  E.  of  Bhandal,  the  streams  flowing  down  from  which  are  fall  of  bonlders  of 
trap.  The  western  boundary  of  the  trap  runs  a  little  to  the  east  of  the  villages 
of  Tiloga,  Baroga,  Kalsara,  and  Chikotra. 

Following  the  road  from  Dihnr  to  Himgiri,  I  found  that  where  the  road 
crosses  it  the  outcrop  is  still  of  considerable  ^-idth.  It  crops  out  at  no  great 
distance  from  Dihur,  and  extends  to  near  the  village  of  Dalui.  On  following  a 
low-level  path,  near  the  river,  as  far  as  the  stream  to  the  north  of  Banjwar, 
however,  I  found  that  the  trap  does  not  extend  as  iea  east  as  this  village. 

Along  the  south-western  boundary  of  the  trap,  the  latter  is  in  sharp  contact 
with  the  limestones  of  the  carbo-triassic  series.  This  is  well  seen  on  the  road 
leading  from  Dihur  to  Himgiri,  where  the  limestones,  which  dip  about  N.  N. 
E.,  are  in  great  force.  Both  the  trap  and  the  limestones  are  typically  deve- 
loped, and  the  latter  do  not  appear  to  be  at  all  altered  at  their  junction  with 
the  trap. 

The  limestone  series  is  also  well  seen  along  the  crest  of  the  ridge  north  of 
Manjir.  It  crops  out  a  little  south  of  Nandla,  and  extends  as  far  as  Dhar.  The 
dip,  which  is  variable  when  the  limestones  first  appear  on  the  crest  of  the  ridge> 
soon  settles  down  to  a  N.-E.  5°  N.  dip.  Some  of  the  limestones  are  pale-blue, 
some  creamy- white,  and  a  few  are  of  a  deep  dark-blue  colour.  Some  of  them 
weather  to  a  rusty  buff.  I  saw  numerous  blocks  of  limestone  along  this  ridge 
crowded  with  crinoid  stems,  but  I  did  not  observe  any  in  situ. 

In  connection  with  the  trap  above  described,  a  variety  occurs,  which  I 
have  not  observed  elsewhere  in  the  Himalayas,  but  which  probably  represents 
the  porphyritic  trap  of  Kashmir  described  by  Mr.  Lydekker.  It  is  a  felspar 
porphyry,  an  intensely  hard  rock  ;  so  hard  that  it  was  with  extreme  difficulty 
that  I  could  obtain  hand  specimens  of  it.  Boulders  of  it  are  brought  down  by 
the  stream  from  the  ridge  N.  E.  of  Bhandal,  together  with  boulders  of  the 
ordinary  variety  of  the  trap.     I  have  not  yet  seen  it  in  situ, 

Oonclttsion, — The  observations  made  this  season  confirm  the  conclusion  pre- 
viously arrived  at,  that  we  have,  in  the  Dalhousie-Chamba  section,  a  normal 
sequence  of  silurian  rocks  resting  on  the  '*  central  gneiss."  The  ''  Blaini  "  con- 
glomerate (upper-silurian)  and  the  "  Simla  slates,"  of  the  Simla  region,  are 
both  represented  in  Dalhousie-Chamba  area ;  the  conglomerate  cropping  out  in 
a  continuous  line  parallel  to  the  granitoid  gneiss. 

The  upper-silurian  conglomerate  is  followed,  in  the  Bh£ndal-Dihur  region, 
by  the  carbo-triassic  series,  resting  apparently  conformably  on  it ;  but  if  the 
view  taken  of  the  age  of  the  trap  in  the  Dalhousie  area  in  my  paper  on  the 
geology  of  that  region  is  sound,  the  boundary  between  the  two  series  must  really 
be  a  faulted  one.  The  thinness  of  the  conglomerates  on  the  south  side  of  the 
carbo-triassic  limestones,  as  compared  with  their  great  development  on  the  northern 
side  of  the  limestone  outcrop,  is  a  fact  which,  to  some  extent,  favoui*s  the  faalt 
hypothesis. 
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In  the  Bh&ndal-DihTir  area,  under  consideration,  the  carbo-triassic  limestones 
are  followed  by  trap,  and  the  latter  bj  the  npper-silorian  conglomerate  and  a 
normal  sequence  of  sUurian  rocks  in  inverse  order. 

In  the  Dalhousie  area,  the  trap  comes  in  between  the  carbo-tiriassic  series 
and  the  tertiaiy  rocks.  In  the  Bhfindal-Dihur  area,  it  comes  in  between  the 
carbo-triassic  series  and  the  upper-silurian  conglomerate. 

In  mj  paper  on  the  geology  of  Dalhousie,  I  adopted  the  hypothesis  that  the 
trap  is  of  upper-silurian  or  pre-carboniferous  age.  I  see  nothing  in  the  facts 
recorded  in  this  paper  inconsistent  with  that  hypothesis.  Indeed,  I  may  say  that 
when  I  formed  my  views  regarding  the  age  of  the  trap,  I  had  distinctly  before 
my  mind's  eye  the  possibility  that  trap  might  be  found  in  the  Bh4ndul-Dihur 
area,  where  I  have  since  found  it.  I  thought  this  possible  from  the  fact  that 
the  Siul  river  under  Manjir  is  full  of  trap  boulders. 

In  both  the  Dalhousie  and  the  Bh^dal-Dihur  areas  the  trap  is  found  in  con- 
tact with  the  carbo-triassic  series ;  whilst  in  the  latter  section,  it  is  in  sharp 
contact  with  the  upper-sUurian  conglomerate  on  the  one  side,  and  the  carbo- 
triasaic  limestones  on  the  other. 

The  fact  that,  in  the  Bhfindal-Dihur  section,  the  trap  does  not  occur  between 
the  carbo-triassic  series  and  the  upper-silurian  conglomerate,  on  both  sides  of  the 
limestone  outcrop,  may  I  think  be  explained  by  the  hypothesis  of  a  fault  between 
the  limfllfcones  and  the  southern  outcrop  of  the  conglomerate. 

The  Bh&ndal-Dihur  section,  from  the  granitoid  gneiss,  south  of  Bh^dal,  to 
the  lower-sUurians,  north  of  Bh£ndal,  seems  to  me  to  be  a  crushed  synclinal 
fold,  complicated  with  faulting.  That  there  is  a  fault  somewhere  seems  self- 
evidnit.  Whether  the  trap  is  of  pre-carboniferous  or  of  post-carboniferous  age ; 
in  either  case  there  must  be  a  fault  between  it  and  the  upper-silurian  conglome- 
rate. 

The  simplest  mode  of  explaining  the  section,  it  seems  to  me,  is  to  put  a  fault 
wtween  the  southern  boundary  of  the  limestone  outcrop  and  the  southern  outcrop 
otthe  conglomerates;  we  should  then  have  a  normal  ascending  series  of  rocks  from 
wie  "  central  gneiss  "  to  the  upper-silurian  conglomerate,  and  a  descending  series 
<rf  rocks  from  the  carbo-traissic  limestones  to  the  lower-silurian  schists.  In 
sliort,  I  believe  that  we  have  in  this  section  a  crushed  synclinal  fold,  with  a  fault 
along  its  axis,  the  compression  of  the  folded  strata  having  been  great  enough  to 
pw)duce  a  general  conformity  of  dip. 

In  the  Hulh  section,  I  have  some  grounds  for  suspecting  that  the  trap  occurs 
wtween  the  southern  outcrop  of  the  conglomerate  and  the  carbo-triassic  lime- 
stones ;  but  should  this  surmise  prove  correct,  the  point  is  immaterial  as  far  as 
the  hypothesis  above  propounded  is  concerned. 

The  observations  made  this  season  show  that  the  outcrops  of  trap  are  not 
continuous  ;  but  whether  this  is  due  to  faulting  or  to  thinning  out,  I  am  not  at 
I*8Bent  in  a  position  to  say.     Either  supposition  seems  equally  probable. 

The  discovery  of  a  boulder  of  granitoid  gneiss  in  the  upper-silurian  conglome- 
rate of  the  Bh£ndal  region,  taken  in  connection  with  the  discovery  by  Mr.  Lydekker 
of  similar  granitoid  gneiss  boulders  in  the  silurian  slates  of  the  P4ngi-Lahoul 
^^  is  another  indication  of  the  connection  between  the  rocks  of  the  two  regions  ; 
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and,  on  the  supposition  that  the  granitoid  gneiss  boulders  were  derived  from  the 
"  central  gneiss,"  which  Mr.  Ljdekker  apparently  does  not  now  douW,  the 
fact  supports  the  conclusion  I  arrived  at  for  the  Simla  area,  that  a  hidden 
unconformity  exists  between  the  silunan  and  the  ^'  central  gneiss  "  series.  A 
similar  conclusion  was  drawn  by  Mr.  Lydekker  in  his  fifth  paper  on  the  geology 
of  Kashmir.* 


On  the  Basalts  of  Bombay,  hy  Coloitbl  C.  A.  McMahok,  F.  O.  S. 

(wUh  two  plates). 

During  my  last  visit  to  Bombay,  I  made  a  carefully  selected  collection  of 
typical  specimens  of  the  lavas  exposed  at  different  parts  of  the  island,  and  I 
Lave  since  studied  thin  slices  of  them  under  the  microscope. 

I  think  it  will  be  worth  while  to  give  a  brief  description  of  these ;  partly  as 
the  first  contribution  towards  a  better  knowledge  of  the  Deccan  traps,  regard- 
ing which  our  petrological  information  is  at  present  very  deficient ;  and  partly 
because  the  description  of  the  very  typical  lavas  of  Bombay  may  be  useful 
as  a  standard  with  which  to  compare  more  doubtful  basic  igneous  rocks  in  other 
parts  of  India. 

I  arranged  the  specimens  which  I  am  about  to  describe  with  sole  reference 
to  thoir  colour.  They  range  from  iron  black  through  less  and  less  dark  shades 
of  grey  to  a  greenish-grey  colour. 

In  specific  gravity  the  specimens  vary  very  little,  ranging  from  2*80  to 
2*85,  their  average  being  2'82.  They  are  all  remarkable  for  the  absence  of 
olivine.  Augite,  plagioclase,  and  magnetite  are  present  in  each  slice.  All  contain 
a  few  crystals  of  sanidine,  but  it  occupies  an  extremely  subordinate  position. 

No,  1.— -4.  dark^grey,  ahnoat  hlackf  compa^i  rock.     Sp.  G.  2*82. 

M.^ — This  slice  consists  of  a  net-work  of  very  small  felspar  prisms,  and  minute 
granules  of  augite,  starred  about  in  a  partially  devitrified  glassy  base,  with 
moderately  large  crystals  of  felspar  and  augite  sparsely  scattered  through  it. 
The  base  is  brownish-green,  dappled  with  white,  in  reflected  light,  and  olive-green 
in  transmitted  light.  The  white  opaque  material  is,  I  think,  leucoxene,  a 
secondary  product  resulting  from  the  decomposition  of  ilmenite,  though  in  the 
particular  slice  there  is  no  direct  evidence  of  its  connection  with  that  mineral. 

The  felspar  prisms,  for  the  most  part,  present  very  sharp  outlines,  and  the 
great  majority  of  them  are  seen  to  be  tricliDio.  They  contain  numerous  glass 
cavities,  many  of  which  have  fixed  bubbles.  Some  of  these  glass  enclosures  are 
elongated,  others  are  in  rounded  forms.  The  presence  of  such  cavities  is  con- 
sidered by  Dr.  Sorby  to  indicate  the  true  volcanic  orig^  of  the  rock  containing 
them  (Q.  J.  G.  S.  XXXVI,  49,  53).  In  one  of  the  prisms,  the  glass  enclosures 
have  ranged  themselves  roughly  in  a  zone  conforming  to  the  shape  of  the  prism* 
Other  prisms  contain  portions  of  the  glassy  base  caught  up  in  them. 

»  Records.  XIV.  42.  «  Ih. 

'  In  this  and  folloning  pa  pen  M  stands  for  microscopic  aspect. 
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Angite  ciystals  are  extremely  abnndant,  and  most  of  them  are  of  very  minute 
size.  Among  the  larger  crystals  twinning  is  common,  and  some  are  well  shaped. 
In  transmitted  light  the  augites  exhibit  a  faint  tint  varying  from  greenish- 
jellow  to  yellowish-brown,  but  so  faint  as  to  be  almost  white.  This  is  the  pre- 
dominant colour  of  the  augite  in  all  the  slices. 

The  augite  and  felspar  appear,  on  the  whole,  to  have  crystallised  at  the  same 
time,  though  some  individuals  have  formed  before  the  others.  In  fig.  1, 
plate  II,  I  have  given  a  sketch  of  a  couple  of  augite  crystals  of  irregular  shape, 
joined  together  in  a  manner  suggestive  of  twinning,  which  have  formed  round 
a  felspar  prism;  whilst  in  fig.  2,  plate  II,  I  have  depicted  a  group  of  triclinic 
felspar  prisms,  which  have  formed  upon,  and  partially  enclosed,  a  cracked 
augite  crystal. 

The  augite  and  felspar  in  this  slice  are  remarkably  fresh.  This  is  a  charac* 
ieristic  of  the  augite  in  all  the  Bombay  slices. 

Magnetite  is  present  in  some  abundance,  both  in  regular  shaped  crystals  and 
in  the  skeleton  forms  described  in  my  paper  on  the  Darang  traps.  Some  titanic 
iron  (ilmenite)  appears  to  be  also  present. 

In  fig.  1,  plate  I,  I  have  given  a  sketch  of  a  portion  of  this  slice,  as  seen  in 
the  field  of  the  microscope,  under  a  magnifying  power  of  60  diameters.  The 
outline  of  the  felspar  crystals  is  generally  sharp,— an  indication  I  think  that  the 
lava  was  in  a  very  fluid  condition.  Towards  the  centre  of  the  field  a  rather  large 
augite  crystal  is  represented.  On  three  sides  the  prismatic  faces  may  be  traced, 
though  they  are  not  well  depicted  ;  whilst  the  crystal  may  bo  seen  to  be  traversed 
by  rather  irregular  prismatic  cleavage  lines.  Cracks  are  sometimes  of  use  and 
furnish  indications,  in  a  general  way,  of  the  direction  of  the  cleavage.  A  large 
crack  in  the  crystal  under  consideration  affords  an  illustration  of  this.  For 
some  distance  it  follows  the  [direction  of  one  set  of  cleavage  lines,  and  then 
changing  its  course  follows  the  direction  of  the  second  set,  which  crosses  the  first 
at  an  angle  (87**  5')  approximating  that  of  a  right  angle. 

A  crack  traverses  the  slice  and  appears  to  have  been  filled  up  by  an 
cxfiltration  process  ;  the  material  it  contains  being  cryptocrystalline. 

2fo.  2.— JL  com^cui^  darh-greyy  almost  black   rock,  closely  resemhling  the   last 

Sp.  G.  2-82. 

Under  the  pocket  lens  it  has  a  somewhat  vitreous  lustre,  and  small  facets  of 
felspar  are  to  be  seen  in  it  here  and  there. 

M. This  slice  is  so  like  the  last  one  that  it  hardly  requires  a  separate  descrip. 

tion.  '  The  glassy  base  is  whitish  in  reflected,  and  brown  in  transmitted  light. 
Here  and  there  it  has  been  altered  to  a  dull  olive-green  substance,  which,  when 
a  single  nicol  only  is  used,  transmits  little  light.  In  places  it  is  stained  brown- 
yeUow  to  orange  colour, — a  result  doubtless  of  the  decomposition  of  magnetite. 

Felspar  is  even  more  abundant  than  in  the  last  slice ;  and  here  and  there  crys- 
tals  of  it  are  of  comparatively  large  size.  Glass  and  stone  cavities  are  common 
in  the  felspar,  but  I  discovered  no  bubbles  in  them. 

Augite  is  fairly  abundant.     Its  shape  is  irregular,  but  twinning  is  common. 


4i  Btexfrds  cf  the  Qt^ofiemi  Smrrry  9f  UOm.  [t<»»  xn. 

Ifagsetite  is  rerj  mbnndbiit,  both  in  regulmr  cnrsUs  mud  in  skdeton  lomis  in 
tbe  glusT  faue.  In  the  latter,  m  in  the  case  o€  the  an^nte  in  the  pitehstones  of 
Amn',  the  cryitnlliTatiop  of  the  magnetite  baa  resnhed  in  a  sort  of  halo  being 
formed  round  the  erystals, — the  latter  baring  in  the  act  of  cnrstalliiation  drawn 
the  ookmring  matter  oat  of  the  base,  learing  a  oomparatiTelj  ooloorleaB  glass  in 
their  immediate  Tidnitj. 

'So,  3^ — A  dark-^rey,  almod  hladtj  compad  rods^     Sp.  G.  2*83. 

IL— This  slice  consists  of  a  profusion  of  angite,  fdspat,  and  magnetite  cijs- 
talsy  scattered  about  in  a  glassj  base. 

The  magnetite  crystals  are  of  good  size,  and  are  fairly  well  formed.  The 
felspar  and  angite  crystals  are  of  two  sizes ;  in  the  case  of  both  minerals  the 
majority  are  of  small  size  (the  angites  being  rery  ndnate) ;  whilst  here  and 
there  are  others  of  comparatiyely  large  size.  The  majority  of  the  felspar  prisms 
are  distinctly  triclinia    Many  of  the  angites  are  twinned. 

Stellate  groaps  of  felspar,  similar  to  those  described  in  my  paper  on  the 
Darang  traps*,  are  to  be  met  with  in  all  the  Bombay  slices.  One  of  them  from 
this  specimen  is  shown  in  fig.  3,  plate  II,  and  another  from  Xo.  8  is  given  in 
fig.  10,  plate  II.  The  latter,  which  is  quite  accurately  drawn,  looks  like  a  cross 
seen  in  part  profile. 

In  my  paper  on  the  Darang  traps  I  noted  how  crystals  are  often  cramped  at 
the  time  of  their  formation  by  adjoining  crystals.  In  fig.  4,  plate  II,  I  have 
sketched  a  twinned  angite  which  has  attempted  to  crystallize  in  the  midst  of  a 
perfect  barricade  of  felspar  prisms,  and  its  ontward  symmetry  of  form  has  con- 
sequently suffered  considerably.  In  snch  cases,  however,  thongh  the  external 
shape  is  deformed,  the  plane  of  twinning  almost  invariably  exhibits  a  rigid 
straight  line,  and  the  internal  symmetry,  on  which  the  optical  properties  of  the 
mineral  depends,  sustains  no  injury. 

In  J.  D.  Danas'  Manual  of  Mineralogy  (1873),  p.  152,  angite  crystals  are  said 
to  be  ''  usually  stout  and  thick,  and  none  have  the  slender  bladed  form  common  witl 
hornblende."  In  lavas,  however,  as  seen  under  the  microscope  augite  crystalf 
sometimes  take  the  form  of  acicular  microliths,  and  not  unfrequently  assume  th( 
form  of  elongated  prisms.  A  prism  of  this  character  occurs  in  the  sb'ce  under  con 
sideration,  and  is  represented  in  fig.  5,  plate  II. ;  (a)  {d)  is  a  long  prism  of  auffiti 
which  has  grown  up  side  by  side  with  one  of  triclinic  felspar.  From  (c)  to  (rf)  thi 
augite  is  twinned,  the  twinning  plane  running  with  the  length  of  the  prism 
From  (c)  to  (o)  the  prism  is  made  up  of  a  crystal  not  in  optical  continuity  witl 
cither  of  the  twins  below  it.  The  augite  in  the  course  of  its  formation  hai 
enclosed  the  ends  of  small  felspar  prisms,  which  may  be  seen  sticking,  lik" 
parasites,  into  its  side.  The  adjoining  felspar  prism  appears  to  have  grown  tran 
quilly  by  the  side  of  the  augite  up  to  (6),  when  the  supply  of  felspathic  materia 
appears  to  have  been  less  plentiful  than  that  of  the  constituents  of  the  augit 
and  magnetite  (three  crystals  of  which  are  indicated  at  this  point),   and  it 

*  Allport    Geological  Magazine,  Vol.  IX,  p.  2. 

«  Supra,  VoL  XV,  p.  165.  ^ 
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sjmmeirj  was  greatly  marred  by  the  intervention  of  crystals  of  angite  and 
magnetite  (b).  The  ill-shaped  felspar  at  the  top  (see  sketch)  is  no  doubt  a 
portion,  or  what  onght  to  have  been  a  portion,  of  the  prism  seen  below.  The 
molecules  of  felspathic  matter  did  their  best,  I  take  it,  to  keep  the  alignment  of 
the  felspar  prism,  and  they  are  in  optical  continuity  with  it,  but  the  augite  and 
magnetite  crystals  got  in  the  way,  and  the  shape  of  the  felspar  prism  was  marred. 
This,  and  the  previously  noted  illustrations,  will,  I  think,  enable  us  to  under- 
stand how  the  external  symmetry,  and  the  regular  development  of  crystals  in  an 
igneous  rock,  are  seriously  interfered  with  by  the  contemporaneous  formation  of 
other  minerals  in  close  proximity  to  them,  or  by  the  presence  and  pressure  of 
previously  formed  crystals. 

No.  4. — A  dark-grey  compact  rock.     Sp.  G.  2*82. 

M. — The  felspar  and  augite  crystals  are  set  in  a  glassy  base,  which  is  sufficiently 
ahnndant  to  entitle  the  rock  to  be  classed  as  a  magma  basalt.  The  base  is,  for 
the  most  part,  of  light  vandyke-brown  colour,  but  is  here  and  there  altered  to  a 
snbstance  olive-green  in  transmitted  light.  The  base  is  crowded  with  microliths 
d  magnetite  in  its  rod-like  form  ;  it  occurs  also  in  large  and  rather  well-shaped 
crystals  and  as  a  fringe  round  augite. 

Almost  all  the  felspar  is  visibly  triclinic,  and  radiating  groups  e^  common. 

Augite  is  very  abundant,  and  very  fresh,  but  its  outward  shape  is  rarely  good 
and  never  perfect.  Twinning  is  common,  and  the  intersection  of  the  prismatic 
cleavage  lines  is  sometimes  well  seen. 

In  ^g.  2,  plate  I,  I  have  given  a  representation  of  a  portion  of  this  slice.  Some 
of  the  felspar  crystals  therein  figured  present  sharp  and  characteristic  outlines ; 
others  again  are  very  irregular.  On  the  right  hand  of  the  illustration,  two 
angiie  crystals  are  seen  embracing  two  curiously  shaped  crystals  of  felspar.  To 
the  left  also  a  large  block,  formed  of  a  congeries  of  shapeless  augite  crystals,  has 
nu>re  or  less  enclosed  a  radiating  group  of  very  irregularly  shaped  masses  of  felspar.' 
The  partial  enclosure  of  felspar  by  augite  is  very  common  in  these  slices,  especi- 
^y  in  the  one  under  consideration.  This,  and  the  enclosure  of  augite  by  felspar 
noted  in  connection  with  slice  No.  1,  seems  to  indicate  that  the  lava  was  at  first 
in  a  very  fluid  state,  in  which  free  molecular  action  was  possible ;  but  that  it  cooled 
^th  luch  rapidity  that  the  minerals  were  unable  to  disengage  themselves  from 
CBch  other,  and  their  crystallization  was  arrested  before  the  symmetry  of  their 
external  form  was  complete.  Small  peculiarities  of  structure  of  this  kind  are, 
I  think,  of  value.  The  volcanic  origin  of  the  Bombay  basalts  being  well  known, 
itmctnral  characters  observed  in  them  may  aid  us  to  interpret  rocks  of  more 
doubtful  character  in  other  regions. 

Professor  Gleikie,  in  his  paper  on  the  Carboniferous  Volcanic  Rocks  of  the 
fiasin  of  the  Firth  of  Forth,'  has  described  similar  instances  of  felspar  prisms 

'  Some  of  these  seem  to  approach  those  "  complex  fan-thaped  brushes "  which  Dr.  Sorby 
^Mcribei  as  forming  the  termiDattons  of  felspar  prisms  in  artificially  melted  rocks,  and  which  he 
net  with  in  a  natural  rock  from  a  dyke  near  Beaumaris.    Opening  address.  Geology  Section  of  the 
Britisli  Association,  1880. 
^  *  Transactions,  Boy.  Soc,  Edinbnrgb,  Vol  XXIX,  p.  487. 
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*'  shooting  "  throngh  ciystals  of  aagite,  and  seyering  the  angite  into  two  parts  ii 
snch  a  way  that  '*  not  uncommonly  it  might  be  supposed  to  have  been  penetrated 
across  its  figure  by  intrusive  prisms  of  felspar ;''  an  appearance  which  Professoi 
Geikie  attributes  to  augite  having  ^*  formed  round  and  enclosed  the  already  com 
pleted  net- work  of  triclinic  felspar  prisms.'' 

These  partial  enclosures  of  the  one  mineral  by  the  other  are  described  at 
occurring  in  the  rocks  which  he  classes  as  diabases  and  dolerites.  The  lattei 
term  he  proposes  to  restrict  to  intrusive  sheets  and  dykes  which  consolidatec 
beneath  the  ground,  retaining  the  word  '  basalt '  for  interbedded  augitic  lavaf 
which  consolidated  at  the  surface. 

It  is  to  be  noted,  however,  that  a  glassy  base  does  not  appear  to  be  entirely 
absent  from  either  Professor  Geikie's  diabases  or  dolerites ;  and  although  I  d( 
not  intend  to  infer  from  the  preceding  remarks  that  the  intersection  of  small  oi 
moderate-sized  crystals  of  augite  by  prisms  of  felspar,  or  of  felspar  prisms  bj 
augite,  is  an  exclusive  characteristic  of  rocks  which  have  consolidated  at  thi 
surface  of  the  earth's  crust ;  or  that  it  would  enable  us  to  distinguish  the  latiei 
from  intrusive  sheets  or  dykes ;  still,  it  is  a  structural  peculiarity  of  basic  vol 
canic  rocks  which  is  worth  noting,  and  it  may  help  us  to  distinguish  basic  lava 
from  basic  plutonic  rocks.  Acid  igneous  rocks  have  characteristic  features  o 
their  own.   . 

The  slice  under  consideration  is  of  larger  grain  than  any  of  the  preceding 
ones. 

No,  5. — A  dark-grey  compact  rock.     Sp.  G.  2'83. 

M. — This  is  a  very  fine-grained  rock,  and  so  closely  resembles  those  firs* 
described  that  a  detailed  account  of  it  is  not  necessary.  The  magnetite  is  wel 
formed.  The  augite  is  for  the  most  part  very  small,  and  twinning  is  commoi 
in  the  larger  crystals. 

At  fig.  6,  plate  II,  I  have  sketched  an  illustration  of  the  way  the  forma 
tion  of  minerals  went  on  side  by  side,  in  these  Bombay  basalts,  at  almost  th( 
same  time.  The  illustration  represents  a  crystal  of  magnetite  and  two  crystal 
of  augite.  The  growth  of  the  lower  augite  and  that  of  the  magnetite  appearc 
to  have  gone  on  side  by  side,  and,  at  first,  at  very  much  the  same  pace.  The 
magnetite  then  gained  on  the  augite  and  finally  partially  surrounded  it.  The 
formation  of  the  second  augite  then  began  and  went  on  so  rapidly  that  i 
enclosed  a  portion  of  the  magnetite  in  its  embrace. 

No.  6. — A  perfectly  compact  dark-grey  rock  with  a  dull  green  tint  in,  it.     It  wea- 
thers brown.     Sp.  G.  2*80. 

M. — This  is  a  fine-grained  magma  basalt.  The  base  consists  of  a  browi 
glass,  here  and  there  converted  into  a  green  amorphous  substance.  Augite  crys 
tals  are  abundant  in  this  slice.  Most  of  them  are  very  minute,  and,  in  polarisoc 
light  with  crossed  nicols,  they  stand  out  from  the  black  background  like  stan 
on  a  clear  night.  Some  are  of  fairly  large  size.  Twinning  is  common,  and  f 
few  of  the  augites  are  well  shaped. 
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Felspar  is  abundant  and  is  chiefly  in  small  prisms.  Most  of  it  gives 
decided  eyidence  of  belonging  to  the  triclinic  system. 

Magnetite  is  for  the  most  part  well  shaped  and  of  good  size,  but  it  is  also  to 
be  Been  in  elongated  stalk-like  microliths  in  the  glassy  base. 

Fig.  7,  plate  II,  is  an  illustration  taken  from  this  slice  showing  the  way 
minerals,  in  the  process  of  crystallization,  catch  up,  enclose,  and  become  entan. 
gled  with  other  minerals.     An  augite  crystal  is   there  seen   to  have  enclosed 
several  crystals  of  magnetite,  and  to  have   partially  surrounded  crystals  of  tri- 
clinic felspar ;  whilst  other  crystals  of  magnetite  have  formed  on  it. 

The  microscope  enables  one  to  understand  how  it  is  that  the  chemical  analy- 
sis of  mhierals  often  yields  such  divergent  results.  Fig.  7,  will,  I  think, 
suggest  the  explanation  of  how  this  takes  place. 

No.  7. — A  compact  greenish-grey  rock,     Sp.  G.  2'85. 

M. — The  grain  is  larger  than  that  of  the  preceding  slices.  Augite  is  abun- 
dant.  Much  of  the  felspar  exhibits  the  twinning  peculiar  to  triclinic  felspar,  and 
is  in  characteristic  prisms.  Felspar  also  occurs  in  large  crystals  and  in  shapeless 
masses,  some  of  which  are  certainly  sanidine. 

The  glassy  base  is  of  green  colour.  Here  and  there  minute  portions  of  it 
have  been  converted  into  delessite,  and  the  whole  of  it  is  more  or  less  changed. 
The  rock  is  passing  into  the  condition  of  the  Darang  traps  {I,  c).  In  these 
slices,  however,  the  glassy  base  can  still  be  distinctly  recognised  as  such.  Very 
little  magnetite  is  left  in  the  rock. 

At  fig.  3,  plate  I,  I  have  given  a  sketch  of  a  portion  of  this  slice.  The 
very  dark  portion  is  the  glassy  base.  The  less  dark  portion  is  augite,  and  the 
wliite  is  felspar. 

At  fig.  9,  plate  II,  I  have  sketched  a  group  of  augite  crystals  in  polarised 
ligit  under  crossed  nicols.  It  is  impossible,  in  simple  hlack  and  white,  to  indi- 
cate the  various  colours  in  which  the  crystals  polarise  ;  but  the  different  shades 
of  black  will,  perhaps,  suffice  to  show  the  want  of  optical  continuity  between  the 
different  members  of  the  group.  The  two  small  crystals  at  the  upper  left  hand 
we  seen  to  be  twinned,  the  twinning  plane  being  a  sharp  straight  line,  and  the 
two  halves  of  each  twin  polarising  in  complimentary  colours.  The  others  are 
crystals  of  different  sizes  and  of  very  irregular  shape.  The  various  crystals  of 
wliich  this  and  similar  groups  are  composed,  began  to  crystallize,  apparently, 
iQnch  about  the  same  time  from  independent  centres,  and  from  want  of  space 
interfered  with  each  other's  growth  and  development.  One  micro-augite  is 
enclosed  in  a  large  crystal,  whilst  another  augite  contains  a  gas  bubble. 

The  group  appears  to  have  been  rapidly  formed,  for  along  the  upper  margin 
ft  tongue  of  the  glassy  biise  (a)  is  partially  enclosed  in  it. 

I  have  depicted  another  characteristic  group  in  fig.  8,  plate  II,  taken  from  slice 
^0. 10.  One  augite  crystal,  at  the  right  hand,  is  seen  to  be  nearly  surrounded 
^y  a  larger  crystal  of  the  same  mineral.  The  shapes  of  all  the  members  of  the 
poup  are  very  irregular,  and  they  have  evidently  interfered  seriously  with  each 
other's  development.  The  finishing  off  of  the  group  has  been  hurried  in  its  last 
B^ftges,  as  along  the  outer  margin   a  zone  of  cavities  is  to  be  seen, — a  not 
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uncominqp  feature  in  the  angite  of  volcanio  rocks.  These  cavities,  the  irregnlar 
shapes  of  the  crystals,  and  the  confused  association  of  imperfectly  formed  angites, 
are,  I  think,  indications  of  the  rapidity  with  which  the  rock  cooled. 

The  large  felspar  crystals  are  not  at  all  homogeneoas  in  their  internal  strac- 
tore,  and  they  enclose  irregcdar-shaped  augite  crystals  and  patches  of  viridite. 

No.  8. — A  greenish  compact  rock,     Sp.  G.  2'4. 

M. — This  slice  very  much  resembles  the  last.  The  glassy  base  has  been 
converted  into  a  greenish  substance  which  contains  in  it  minute  embryonic 
crystals  of  epidote.  Alteration  has  been  set  up  in  the  felspars.  Magnetite  is 
not  abxmdant,  and  is  mostly  in  skeleton  forms. 

No,  9. — A  greenish-grey  compact  rock,     Sp.  G.  2*86. 

M. — In  this  slice  augite  is  very  abundant.  The  glassy  hose  is  still  recog- 
nisable, but  it  has  passed  into  an  alteration  product,  olive  green  in  transmitted 
light,  which  is  in  part,  at  any  rate,  delessite.  A  radiating  structure  is  often 
apparent  in  it,  and  all  of  it  is  feebly  dichroic  when  the  polariser  alone  is  used. 

This  slice  contains  a  good  many  sanidiue  prisms  exhibiting  the  simple 
twinning  of  the  Carlsbad  type,  but  they  are  quit«  subordiuate  to  the  plagioclase. 

In  one  case  water  has  clearly  gained  access  to  the  rock,  and  a  thin  xmdulating 
ring  of  quartz  has  been  left  behind  to  mark  its  passage. 

Augite  crystals  often  partially  enclose  crystals  of  felspars,  and  felspars  occa- 
sionally enclose  fragments  of  the  glassy  base. 

No,  10. — A  grey  compact  rock.     Sp.  G.  2'81. 

M. — The  glassy  base  is  still  to  be  seen  here  and  there,  but  in  most  cases  it 
has  been  replaced  by  delessite,  and  in  a  few  cases  by  chalcedony.  It  gives  clear 
evidence  of  the  invasion  of  water.  The  latter  has  often  left  castellated  water, 
marks  behind  it,  and  has  partially  rounded  the  margins  of  the  channels  through 
which  it  flowed,  so  that  in  some  cases  these  altered  portions  of  the  base  have 
the  appearance  of  amygdules  plugging  amygdaloidal  cavities.  I  think  that  the 
results  above  described  may  be  accounted  for  on  the  supposition  that  the  uncrys- 
tallized  glassy  base  yielded  more  readily  to  the  solvent  powers  of  heated  water 
than  the  minerals  that  had  crystallized  out  of  it. 

It  is  important  to  note  the  tendency,  here  evidenced,  of  acid  water  passing 
through  a  rock  to  excavate  rounded  cavities ;  the  removal  of  olivine  and  leucite, 
and  the  roundiug  of  the  edges  of  the  matrix  in  which  they  were  buried,  might 
lead  to  the  formation  of  a  pseudo-amygdaloid,  and  prevent  the  secondary 
minerals,,  substituted  for  olivine  and  leucite,  being  recognised  as  pseudomorphs 
of  those  minerals. 

The  felspar  is  more  or  less  altered,  but  the  augite  is  quite  fresh.  The  slice 
contains  some  prisms  of  sanidine  which  exhibit  characteristic  Carlsbad  twinning. 

No,  11. — A  greenishrgrey  compact  rock,    Sp.  G.  2*81 

M. — This  slice  closely  resembles  the  last.  The  magpietite  or  titaniferous 
iron  is  a  good  deal  decomposed,  and  much  of  it  has  passed  into  leucoxene.  A 
study  of  these  slices  confirms  the  view  taken  of  the  origin  of  the  opaque  white 
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material  formed  in  comiection  with  the  Darang  basalts.  The  white  opacity 
difased  in  a  nebnlons  way  through  the  latter  is,  I  think,  dne  in  many  cases, 
not  to  the  decomposition  of  large  regolar  crystals  of  ilmenite,  bnt  to  the 
minnte  dendritic  forms  of  iron  disseminated  through  the  base. 

This  rock  generally  is  passing  into  a  stage  of  alteration  like  that  described  in 
the  traps  of  Darang  (l.c) 

Conclusion, 

I  have  not  detected  olivine  in  any  of  these  slices  either  fresh  or  in  an  altered 
condition. 

Olivine,  though  a  very  characteristic  mineral,   usually  present  in  basalts, 
not  appear  to  be  universally  so  abundant  as  to  be  invariably  visible  in 
eyeiy  thin  slice  made  for  microscopic  examination. 

Forchhammer  states  that  it  does  not  occur  at  all  in  the  basaltic  rocks  of 
the  Faroe  Islands  ;*  whilst  Professor  G^eikie,  in  his  paper  on  the  microscopic 
characters  of  the  basalts  of  the  Firth  of  Forth, '  notes  that  it  "  varies  much  in 
quantity  ;'*  and  though  it  is  "  usually  discernible  in  every  thin  slice,  "  in  some 
basalts  it  appears  only  in  occasional  "  rare  and  small  pieces."  Zirkel  notes 
(Microscopical  Petrography  of  the  Fortieth  Parallel,  p.  219)  that  in  rocks 
"closelj  allied  "  to  the  "  proper  or  genuine  felspar  (i.e.,  plagioclase)  basalts,"  and 
which  he  classes  as  a  sub-division  of  the  basalts,  olivine  is  generally  wanting.  In 
some  of  the  Deccan  traps  from  other  localities,  specimens  of  which  the  Super- 
intendent of  the  Geological  Survey  of  India  has  kindly  allowed  me  to  see,  it  is 
Tery  abundant.  Olivine  may  possibly  not  be  altogether  absent  from  the  Bombay 
^^ ;  but,  if  present,  it  must  be  sparsely  disseminated  through  them. 

In  view  of  the  absence,  or  sparseness,  of  olivine,  the  question  arises 
whether  these  rocks  should  be  classed  as  basalts  at  all.  In  mineral  composition 
thej  approximate  closely  to  the  quartzless-augite-andesites,  in  which  olivine  is 
rarely  met  with. ' 

The  specific  gravity  of  andesites  ranges  from  2*70  to  2*85 ;  whilst  the  Bom- 
hay  lavas,  judging  from  the  specimens  now  described,  range  from  2*80  to  2*85. 
In  view,  therefore,  of  the  absence  of  olivine,  a  good  case  might  bo  made  out  for 
classing  the  Bombay  rocks  with  augite-andesites  rather  than  with  basalts. 

But,  on  the  whole,  it  will,  I  think,  be  better  to  retain  the  name  by  which 
the  Bombay  rocks  have  hitherto  been  known,  and  to  continue  to  call  them 
hasalts ;  for  I  think  it  will  conduce  to  clearness  and  simplicity  if  we  restrict 
the  term  'andesite'  to  the  lava  form  of  diorite  and  retain  the  words  'basalt'  and 
*dolerite '  for  basic  augitic  lavas.  The  term  *  augite-andesite '  seems  a  suitable  one 
for  intermediate  forms  between  the  two  in  which  augite  and  hornblende  are 
both  present;  and  I  prefer  not  to  use  it  for  the  Bombay  rocks  because  they 
contain  no  trace  of  the  latter  mineral. 

As  the  Bombay  basalts  are  very  typical  volcanic  rocks,  it  may  be  useful,  and 
may  aid  us  to  determine  more  doubtful  rocks  in  other  localities,  to  sum  up  the 
indications  they  afEord  of  being  superficial  lava  streams. 

>  Biflchof  8  Chemical  Geology,  II,  p.  856. 

*  Loc,  cit^  p.  506. 

*  Ratley's  Stady  of  EUxsks,  p.  236. 
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Tlie  following  pointB,  I  ibizik,  afford  eyidence  of  n^d  cooling,  though  some 
of  them  are  more  oogentitliftn  o£heTS :— 

1.  The  presenee  of  a  glassy  base. 

2.  Skeleton,  dendritioy  and  rod^like  forms,  of  magnetite  and  (?)  ilmenite. 

3.  The  presence  ol  glass  endosures,  and  gas  babbles,  in  angite  and  felspar 
crystals.* 

4.  The  abundance  of  felspar  prisms  of  small  size,  the  longer  axis  of  which 
nsaally  points  in  all  directions.' 

5.  The  abundance  of  grannlar'  tod  minnte  crystals  of  augite. 

6.  Clusters  of  irregular-shaped  augite  crystals. 

7.  Imperfectly-formed  and  feathery  felspar  crystals.^ 

8.  The  penetration  of  augite  by  felspar  and  of  felspar  by  augite. 


expla1»:ation  op  plates. 
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Pigs.  1,  2,  and  3.-^Thih  slices  of  Bombay  Basalts  as  seen  under  the  micro- 
scope. 

Slats  II. 

Pig.  1. — Pttri&l  enclosure  of  {ebpftr  by  augite. 

Pig.  2. — Paitial  enclosure  df  srtigite  by  felspar. 

Pig.  3. — Stellatepriinns  of  feUpar. 

Pig.  4. — A  twinned  oogit^  aad  felspar  prism. 

Pig.  5. — Augite  and  felspar  priimis  formed  side  by  side. 

Fig.  6. — Augite  and  ibaguotite  fbrmedilt' nearly  the  same  time. 

Pig.  7. — Augite  enclosing  magnetite  ^nd  felspar. 

Pigs.  8  and  9. — Lrregular-ritaped  dhisters  of  augite  crystals. 

Pig.  10.— Another  stellate  form  of  felspar. 

>  Dr.  Sorby,  Ann.  Addrees,  4-  ^-Jf^  Qi.XXXf  Ij  58^ 

*  Profesior  Geikie,  in  tib6  papdr  skm^y  quoted,  sUtei  that  intrasiTe  dolerite  "  along  the  line  of 
contact  with  a  Bandftona-or  ather  grtoi^laj;  rock"  "  beeon^  eseeedingly  cloee-grainad,  **  and  tha 
felspar  prisms  "tend  to  rtnga  themselves  parallel  ¥rith  the  snrf^be^  of  the  sandstone." 

»  Professor  GeiU^  in  the  paper-alwady  quoted,  writes  o£  the  volcanic  rocks  of  the  Firth  of 
Forth : — "  Thero  is  one  distinctive  feainre  between  the  mode  pf  occurrenco  of  the  augite  in  the 

*  dolerites  and  in  the  interbedded  anamesites  and  basalts  which  I  have  found  to  hold  good  with 
'few  exceptions.   While  in  the  intrusive  sheets  the  augite  occurs  either  in  well  marked  crvstals  or 

•  in  Urge  crystalMna  irregularty'-ihaped  p6t«0ES|f  in  the  superflctal  U(V»'beds  it  is  commonly  present 
'in  abundant  small  granidos  and  in  sparse  definite  orystels^*^' 

^  See  Dr.  Sorby's  opening  addr^ps/Ovologylsecttdu. of  the*  British' Association,  1880. 
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DONATIONS  TO  THE  MUSEUM. 

Donors. 

A  series  of  fossils  from  the  silarian,  carboniferoas,  permian,  liassio  and  tertiary  formations^ 

England. 

Db.  Geobge  Watt. 

Eight  specimens  of  Rudista  {Hippuritet)  from  the  turonian  between  Foix  and  Lavelanets, 
Dep.  de  I'Ari^,  Outer  Pyrenees,  France. 

W.  T.  Blanfobd,  FJLS. 


ADDITIONS  TO  THE  LIBRARY. 

Fbox  1st  Ootobbb  to  31st  Dbcbmbeb  1882. 
Titles  of  Boohs,  Donors. 

AcHEPOHL,  L. — Das  Niederrheinisch— West^isohe  Steinkohlengebirge*  Atlas  der  fossilen 

fauna  and  flora,  lief.  7,  (1882),  4th  edition,  Leipzig. 
Beale,  Lionel  S. — How  to  work  with  the  Microscope,  5th  edition  (1880),  8vo,  London. 
Bbonn. — Elassen  und  Ordnungen  des  Thier-Reiches,  Band  VI,  Abtb.  Ill,  Beptilien,  LieL 

33-34.  (1882),  8to,  Leipzig. 

Encyclopedia  Britannica.  9th  edition.  Vol.  XIV,  (1882),  4to,  Edinburgh. 

FisHEB,  Rev.  Osmond. — Physics  of  the  Earth's  Crust  (1881),  870,  London. 

Oeieie,  Abchibald. — ^Textbook  of  Geology,  (1882),  8vo,  London. 

Milne,  J. — Experiments  in  Observational  Seismology,  (1882),  8vo,  Tokio. 

The  Authob. 

„  Notes  on  the  recent  Earthquakes  of  Tedo  Plain,  and  their  Effects  on  certain 

buildings,  (1881),  8vo,  Tokio. 

The  Authob. 

„  On  Earth  Movements,  (1882),  8vo,  Hertford. 

The  Authob. 

n  Suggestions  for  the  Systematic  Observation  of  Earthquakes,  (1882),  8vo,  Tokio. 

The  Authob. 

„  The  Distribution  of  Seismic  Activity  in  Japan,  (1881),  8vo,  Tokio. 

The  Authob. 

M0JSI8OTIC8,  E   V,  UND  Nbumatb,  M. — Beitriige  zur  Palaontologie  Osterreich-Ungams 

und  des  Orients.    Baud  II,  heft  3  and  4,  (1882),  4to,  Wien. 

Nobdenskiold,  a.  E. — The  Voyage  of  the  Vega  round  Asia  and  Europe,  Vols.   I  and  II, 

(1881)  8vo,  London. 

PooBE,  Ben.  Pbblet. — Congressional  Directory  (47th  Congress,  1st  Session),  compiled  for 

the  use  of  Congress,  2nd  edition,  (1882),  8vo,  Washington. 

The  Smithsonian  Institute. 

PoussiN,  Ch«  de  La  Valleb  et  Rbnabd,  A. — M^moire  sur  les  Caract^res  Mineralogiques 
et  Stratigraphiques  des  Roches  Dites  Plutoniennes  de  La  Belgique  et  de 
L'Ardenne  Fran^aise,  (1876),  4to,  Bruxelles. 

B^D.  J.   B.  DUMOUT.,  8. J. 

Publication  der  Norwegischen  Commission  der  Europiiischen  Gradmessung.  Geodatische 
Arbeiten.  Heft.  11,(1880),  and  I  &  III  (1882).  Vandstand  observationer. 
Heft  I,  med  5  Plancher,  (1880  and  1882),  4to,  Christiania. 

Thb  Commission. 
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Titles  of  Books.  Donors . 

QuERSTSDT.  F.  A.— Handbach  der  Petreiaktenkiiiide.  Anflage  3/  lief.  5,  (1882),  Sto, 

Tubingen. 
Bahsat,  a.  C. — Tbe  Phjskal  Geology  and  Geography    of   Great  Britain,  5th  edition, 

(1878),  8to,  London. 
BoBiKSOK,  JoHK. — The  Flora  of  Essex  Coonty,  Massachosetts,  (1880),  8yo,  Salem. 

Ths  Essbx  iKSTrruTB. 

Second  Report  of  the  Committee  appointed  for  the  purpose  of  investigating  the  Earthqnake 
Phenomena  of  Japan,  drawn  np  by  ProL  J.  Milne,  8to,  London. 

Pbof.  J.  MiLKB. 

Szabo,  Db.  J. — Classification  Macrographiqne  das  Trachytes  de  la  Hongrie,  (1881),  8to, 
Bologne. 

Thb  Authcb. 

The  Norwegian  North  Atlantic  Expedition,  1876—1878— 

Vol.  lY,  1.  Historical  Acoonnt. 

2.  The  Apparatus  and  How  Used,  by  C.  Wills. 
Tol.  y,  1.  Astronomical  Observations,  by  H.  Mohn. 
„      2.  Magnetical  Observations,  by  C.  Wille. 
„      3.  Geography  and  Natural  History,  by  H.  Mohn. 
YoL  YL  Holothurioidea^  by  D.  C.  Danielssen  and  J.  Koren,  with  13 

plates  and  one  map. 
Yol.  YIL  Annelida,  by  G.  Hansen,  with  7  plates  and  one  map,  (1882)f 
4to,  Christiania. 

Thb  Editobial  Coxmitibb. 

PERIODICALS,  SERIALS,  &c. 

Annalen  der  Physik  und  CJhemie  neue  Folge,  Band  XYII,  Nos.  10.12  (1882),  8vo,  Leipzig. 
Annales  des  Mines,  8th  series,  vol.  I,  livr.  2,  (1882),  8vo,  Paris. 

COICH.  DBS   MiNBS. 

Sdenoes  Naturelles,    6**  s^rie  Botanique,    tome  XIII,  Nos.  4—6,  &   XIY, 
Nos.  1—3,  (1882),  8vo,  Ptois. 
G^ologiques,  tome  XIY,  No.  1,  (1882),  8vo,  Paris. 
Naturelles.    Zoologie,  series  YI,  vol.  XUI,  Nos.  5—6,  (1882) ;  8vo, 
Paris. 
Annals  and  Magazine  of  Natural  History,  6th  series,  voL  X,  Nos.  68—60,  (1882),  8vo, 

London. 
Archiv  fur  Naturgeschichte.    Jahrg  XLY,  heft  6,  (1879),  XLYin,  heft  4  (1882),  und 

XLIX,  heft  1,  (1883),  8vo,  Berlin. 
Athenaum,  Nos.  2864—2876,  (1882),  4to,  London. 
Beiblatter  zu  den  Annalen  der  Physik  und  Chemie,  Band  YI,  Nos.  9-10,  (1882),  8vo, 

Leipzig. 
Bibltoth^ue  Universella.    Archives  des  Sciences  Physiques  et  Naturelles,    3"*    Periods, 

tome  YII,  Nos.  6—7,  and  YIII,  No.  8,  (1882),  8vo,  Geneve. 
„  „         et  Revue  Suisse,  3"'  F^riode,  tome  XY,  Nos.  43—46,  (1882),  8vo, 

Lausanne. 
Botanisches  Centralblatt.  Band  XI,  Nos.  9—13,  and  XII,  Nos.  1—8,  (1882),  8vo,  Cassel. 
Chemical  News,  vd.  XLYI,  Nos.  1190—1201,  (1882),  4to,  London. 
Colliery  Guardian,  vol.  XLIY,  Nos.  1132-1143,  (1882),  fol.,  London. 
Das  Ausland,  Jahrg.    LY,  Nos.  36—48,  (1882),  4to,  Stuttgiurt. 
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TUks  of  Books,  Donors. 

Geological  Magaane,  New  series,  decade  II,  vol,  IX,  Nos.   10—11  (1882),  Svo,  London. 
Iron,  vol.  XX,  Nos.  606—616,  (1882),  fol.,  Lo\»don. 
Journal  de  Conchyliologie,  3*"  a^rie,  Tome  XXII,  No.  2,  (1882),  8vo,  Paris. 

„     of  Science,  3rd  series,  vol.  IV,  Nos.  106—107,  (1882),  8vo,  London. 
London,  Edinburgh  and  Dublin  Philosopbical  Magazine  and  Journal  of  Science.    6tb  series, 

vol.  XIV,  Nos.  88-90,  (1882),  8vo,  London. 
Mining  Journal,  with  supplement     Vol.  LII,  Nos.  2465—2466,  (1882),  fol.,  London. 
Naturo  Novitates.  Nos.  17—23,  (1882),  8vo,  Beriin. 

Nature,  Vol.  XXVI,  Nos.  672—678,  &  XXVII,  Nos.  679-683,  (1882),  4to,  liondon. 
Kenes  Jahrbuch  fiir  Mineralogie,  Geologie  und  Palcontologie,  Jahrg.  1882.  Band  II,  heft  3, 

(1882),  8vo,  Stuttgart. 
Palsontographica.    Band  XXIX,  lief  1,  (1882),  4to,  Cassel. 
Petermann's  Geographische  Mittheilungen.  Band  XVIII,  Nos.  9—11,  (1882),  4to,  Gotha. 

Do.  do.  do.  Supplement.  Band,  No.  70,  (1882),  4to,  Gotha. 

Professional  Papers  on  Indian  Engineering,  3rd  series.  No.  1,  (1882),  flsc,  Boorkee. 

ThOMIBON  CoLLEOE  of  CrVIL  ENGINSBBiyO. 

Quarterly  Journal  of  Microscopical  Science.    New  series,  vol.  XXII,  Nos.  87  and  88,  (1882), 
8vo,  London. 

GOVERNMENT  SELECTIONS,  Ac. 

Assix.— Mubbjlt,  T.  J. — Report  on  the  Police  Administration  of  the  Province  of  Assam  for 

the  jear  1881,  (1882),  flsc,  Shillong. 

Chibf  Comhissiokeb,  Assam. 

BoXBAT.^EiTTs,  EusTACB  J. — Report  on  the  Census  of  Berar,  1881,  (1882),  flsc.,  Bombay. 

RbYENUB  &  AOBICULTUBAL  DbPABTMENT. 

n         Pbabsoit,  a.  N. — Brief  Sketch  of  the  Meteorology  of  the  Bombay  Presidency  in 

1881,  (1882),  8vo,  Bombay. 

Mbtbobolooioal  Rbpobtbb,  Wbstbbv  India. 

•I  Survey  and  Settlement  Manual  relating  to  the  system  of  Revenue  Survey  and 

Assessment  and  its  Administration  in  the  Bombay  Presidency,  (1882),  8vo, 
Bombay. 

Bombay  Goybbnment. 

Cbktbal  Pboyincbs.— Mobbis,  J.  H. — Report  on  the  Administration  of  the  Central  Pro- 
vinces for  the  year  1881-82,  (1882),  8vo,  Nagpur. 

Chibf  Commissionbb,  Cbktbal  Pboyincbs. 

Ihdia.— Annual  Statement  of  the  trade  and  navigation  of  British  India  with  Foreign 

countries  and  of  the  coasting  trade  of  the  several  Presidencies  and  Pro- 
vinces in  the  year  ending  31st  March  1882.  Vol.  I,  Foreign  Trade,  (1882), 

4to,  Calcutta. 

Dbpabtmbnt  of  Financb  and  Commebcb. 

n      Badbk-Powbll,  B.  H. — A  Manual  of    the  Land  Revenue  Systems  and  Land 
Tenures  of  British  India,  (1882),  8vo,  Calcutta. 

Homb  Dbpabtmemt. 
n      List  of  Civil  officers  holding  Gazetted  appointments  under  the  Government  of  India 
in  the  Home,  Legislative  and  Foreign  Departments  on  1st  July  1882, 
(1882),  8vo,  Calcutta. 

Home  Dbpabtmbnt. 

"      Meteorological  observations  recorded  at  six  stations  in  India  in  the  year  1881, 
corrected  and  reduced,  (1882),  4to,  Calcutta. 

Mbtbobological  Bbfobtbb  to  GoYBBiTMBirT  of  India. 
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THiles  of  Books.  Dtmort. 

India. — Renter  of  general  obsenratioiis  in  1881,  reduced  and  oorrected,  December  1881, 

(1822),  4to,  Calcutta. 

MSTBOBOLOGICAL  RbPOBTBB  TO  GOTBBHKBNT  OV  INDIA. 

„        Report  on  the  Administration  of  the  Meteorological  Department  of  the  Government 

of  India  in  1881-82,  (1882),  4to,  Calcutta. 

Metbobologicax  Rbpobteb  to  Gotbbvhbnt  of  India. 

„        Review  of  the  Maritime  Trade  of  British  India  with  other  countries  for  1881-82, 

(1882),  flsc,  CalcntU. 

Dbfabthbnt  of  Financb  and  Comkbbcb. 

„        ScHLiCH,  Ph.  D.,  W. — Suggestions  regarding  the  Demarcation  and  Management  of 

the  Forests  in  Eulu,  (1882),  flsc.,  Calcutta. 

Homb  Dbfaethsnt. 

N.  W.  Pbovincbs. — Bhaobah  Pandit.— Report  on  the  Census  of  the  Province  of  Ajmere- 
Merwara,  taken  on  the  17th  February  1881,  (1882),  flsc.,  Ajmere. 

Rbvenub  and  Aobicultubal  Dbpabtxbnt. 

TRANSACnONS,  PROCEEDINGS,  Ac.  OF  SCXIIETIES,  SURVEYS,  &c. 

Ahstbbdax. — Jaarboek  van  het  Mijnwezen  in  Nederlandsoh  Oost-IndiS.    Jahrg.    XI, 

No.  1  (1882),  und  Register  op  het  Jaarboek  Mijnwezen.  1872-1881,  (1882) 

8vo,  Amsterdam. 

Nbtheblands  Colonial  Dbfabthbnt. 

Babbl. — Abhandlungen  der  Schweizerisohen  Palaontologisohen  Geeellsehaft,  vols.  YI — YII, 

(1879-1881),  4to,  BaseL 

Thb  Socibtt. 

Yerhandlungen  der  Naturforschenden  Gesellschaft  in  Basel.    Heft  1 — 10,  (1835- 

1862).  New  series,  band  I— YI  (1864^1878),  8vo,  Basel. 

Thb  Socibtt. 

Batayia. — ^Natunrkundig  Tijdschrift  voor  Nederlandsoh-Indie.  DeeL    XU,  (1882),  8vo, 

Batavia. 

The  Socibtt. 

Bbblin. — Abhandlungen  der  Edniglichen  Akademie  der  Wissenschaflen  za  Berlin,  1880- 

1881,  (1881-1882),  4to,  Beriin. 

Thb  Acadbmt. 

,,        Sitzungsberichte  der  Koniglich  Preussischen  Akademie  der  Wisenschaf ten  zu  Berlin, 

Nog.  XVIII-^XXXYIII,  (1882),  4to,  Beriin. 

Thb  Acadbmt. 

„        Zeitsohrift  der  Deutschen  Geologisohen  Gesellschafi   Band  XXXIY,  heft.  2,  (1882), 

8vo,  Berlin. 

Thb  Socibtt. 

Bbbn. — Beitrage  zur  Geologisohen  Karte  der  Schweiz.  Lief.  XX.    Atlas  only,  (1880),  oh. 

4to,  Bern. 

Thb  Natural  Histobt  Socibtt,  Basel. 

Bologna. — Aecademia  delle  sdenze  dello  Istituto  di  Bologna  dalla  sua  ori^ne  a  tulto  il  1880, 

(1881),  8vo,  Bologna. 

Thb  Acadbht. 

„         Mcmoire  della  Aocademia  delle  Scienze  dell'  Istituto  di  Bologna.    Serie  lY, 

tomo  II,  (1880),  4to,  Bologna. 

Thb  Acadbmt. 


*f 


PAKT  1.]  Additions  to  the  Library.  56 

TUlet  of  Books,  Donors. 

BiussBLB.— BuIIetm  de  la  Sooidtd  Boyale  Beige  de  G^ographie,  Nos.  3—4^  (1882),  8vo, 

Bnixelles.  ' 

The  Society. 

»  Bulletin  du  Mus^e  Royal  d'Histoire  Naturelle  de  Belgique.  Tome  1,  No.  1, 
(1882),  8vo,  Bruzelles. 

MusBUU  OF  Natubal  History,  Belgium. 

„  Extrait  du  Bulletin  du  Mus^e  Royal  d'Histoire  Naturelle  de  Belgique.  Tome  I, 
with  planches  IV  to  VI,  (1882),  8vo,  BruxeUes. 

Mussric  OF  Natubal  Histoby,  Belgium. 

„  Eitraits  des  annales  de  la  Soci^t^  Royale  Malacologique  de  Belgique :  Diestien, 
Gasterlien  et  Scaldiaien.    By  Ernest  Van  Den  Broeck. 

„  Note  sur  les  Tiev^s  G^ologiquea  de  MM.  van  Ertbom  et  Ciogels,  by  Ernest  van 
Den  Broeck. 

Observations,  by  P.  Cogels  and  E.  van  Den  Broeck. 

Expos^  Sommaire  des  Observationi  et  Ddconvertes,  by  Ernest  van  Den  Broeck, 
(1882;,  8yo,  BruxeUes. 

The  Society. 

CiicuTTA.— Memoirs  of  the  Geological  Survey  of  India.    Vol.  XIX,  part  2^  (1882),  8vo, 

Calcutta. 

Geological  Subvey  of  India. 

„  Records  of  the  Geological  Survey  of  India,  vol.  XV,  part  4,  (1882),  8vo, 
Calcutta. 

Geological  Subvey  of  Iitdia. 

„  Proceedings  of  the  Asiatic  Society  of  Bengal.  Nos.  VII  and  VIII,  (1882),  8\o, 
Calcutta. 

The  Society. 

Cambeidgb. — Memoirs  of  the  American    Academy   of    Arts    and  Sciences.    Centennial  . 

volume.  Vol.  XI,  part  1,  (1882),  4to,  Cambridge. 

The  Academy. 
„  Memoirs  of  the  Museum  of  Comparative  Zoology,  Vol.  VIII,  No.  2,  part  2, 

(1882),  4to,  Cambridge. 

The  Museum  of  Compabative  Zoology. 
Cambbidob,  Mass. — Bulletin  of  the  Museum  of  Comparative  Zoology,  Vol.  VI,  No.  12, 

(1881),  8vo,  Cambridge,  Mass. 

The  Museum  of  Compabative  Zoology. 

Dbbssiit.— Pubgold  A,— Die  Meteoriten  des  Eooigl  Mineralogischen  Museums  in  Dresden, 

(1882),  8vo,  Dresden. 

Isis  Society,  Dbesden. 
Edihbubgh. — Catalogue  of  the  Printed  Books  in  the  Library  of  the  Society  of  Writers  to 

H.  M.'s  Signet  in   Scotland.    Part  II,  M-Z.    Supplement  and  List  of 
Manuscripts,  (1882),  4to,  Edinburgh. 

The  Writebs. 
Glasgow.— Transactions  of  the  Geological  Society  of  Glasgow,  Vol.  VI,  part  2,  1878-79  to 

1879-80,  (1882),  8vo,  Glasgow. 

The  Society. 
^OTTiBaBir.— Nachrichten  von  der  k.  Gesellschaft  der  Wissenschaften,  ans  dem  Jahro  1881, 

(1881),  8vo,  Gottingen. 

The  Society. 


60  Beeords  of  the  Ge^dofieal  Smrvey  rf  ludia.  [vol.  xyi. 

TUUs  €fBooh9,  Douon, 

Hii,Tr¥— ^"'«^^""C*"  J#r yaluifiiitli#iMlfln  flgapDelMft nlMk-    Bsad  HI, lieft.  3&4 

0873)  Xni,  Iwft,  3  (1875\  XIV,  beft  3  (1878  lad  1879)  and  XY,  heft 

2—h  (1881  and  1883),  4to.  HdQe. 


w 


«        Berieht  fiber  die  Sitznngen  der  Xaioifindieiidai  Gcnlbdiaft  ra  Halle,  im  Jahre 
1881,  a881),  8ro,  HaDe. 

The  SocnTT. 

„        Festachrift    zor  Feier  des    Handertjihngea  Beatehenader    Natoiforachenden 
(kaeUadimft  in  Halle,  (1879),  4to,  HaOew 

The  Socistt. 

LAUBAnx.— Bolletm  de  k  Sodtfttf  TaodoiBe  dea  Saeaoea  KataraOea,  2*  atfrie,  toL  XVlil, 

Ka  87,  (1882),  8n>,  Laoaaanfr 

Thb  Socibtt. 

LovDOV. — Joonial  of  the  Anthropologieal  ^n^AHote  of  (heat  Britain  and   Ireland,  voL 

HI,  No.  1,  (1888),  8to,  London. 

„  Jonmal  of  the  Ixon  and  Steel  Institata.    No.  1  (188S),  8to,  London. 

Thx  IvsnTun. 

Jonmal  of  the  Linnean  Society,  toL  XY,  Zoology,  Noa.  86—88,  and  XYI, 

Koe.  89—91,  and  toL  XIX,  Botany,  Noa.  114—121,  (1881-82),  Svo, 

London. 

Ths  Socistt. 

Tranaactions  of  the  Linnean  Society  of  London.    2nd  aeriea.  Botany,  toI.   II, 
part  1,  and  Zoology,  Yol  II,  pts.  3—5,  (1831  &  1882).  4to,  London. 

Thb  Socixtt. 

Proceedings  of  the  Linnean  Society  of  London,  from  NoTember  1875,  to  Jnne 
1880,   (1882),  8to,  London. 

Thb  Socixtt. 

Jonmal  of  the  Boyal  Asiatic  Society  of  Great  Britain  and  Ireland.    New  aeries, 
Yol  XIY,  pt  3,  (1882),  8to,  London. 

Thx  Socixtt. 

Jonmal  of  the  Society  of  Arts,  Yol.  XXX,  Nos.  1548  and  1556— 1564»  and  XXXI, 
Noa.  1565—1567,  (18S2),  8ro,  London. 

Thb  Socixtt. 

List  of  the  Members,  Officers  and  Professors  of  the  Royal  Institution  of  Great 
Britain,  with  the  Report  of  the  Yisitors*  Statement  of  Aoeonnta,  and  Lists  of 
Lectorea  and  Donations  in  1881,  (1882),  8yo,  London. 

Thx  iKSTmjTX. 

Proceedings  of  the  Royal  Institntion  of  Great  Britain.  YoL  IX,  Nos.  73  &  74, 
(1881  &  1882),  8to,  London. 

Thx  Institutx. 

Proceedings  of  the  Royal  Geographical  Society.  New  series,  toL  IY, 
Noa.  7—10,  (1882),  8to,  London. 

Thx  Socixtt. 

Philosophical  Transactions  of  the  Royal  Society  of  London.  Yol.  172,  Parts  IL 
and  III,  and  173,  Part  I,  and  List  of  Fellows  of  the  Society.  30th  November 
1881,(1881  &1882),  4to,  London. 

Thb  Socixtt. 


>» 


ft 


f> 


P^  1.]  Addiiians  io  the  library.  67 

Titidi  of  Books.  Donors. 

LoiiK)H.-.proceediBg»  of  the  Royal  Society  of   London.    Vol,  XXXIV,  Nos.  220r-221 

(1882),  8vo,  London. 

Thb  Society. 

ij         Proceedings  of  the  Zoolo^cal  Society  of  London*    Farts  I  and  11, 1882.    Index 
to  Do.  from  1871-80.    (1882),  8vo,  London. 

Thb  Socibtt. 

>f         Transactions  of  the  2iOoIogical  Society  of  London.    VoL  IX,  pt.  2  (1875),  4to, 
London. 

Thb  Socibtt. 

11         List  of  the  Fellows  of  the  Zoological  Society  of  London,  corrected  np  to  1st  June 

1882.    (1882),  8vo,  Loudon. 

The  Socibtt. 

f)  Quarterly  Journal  of  the  Geological  Society  of  London.    Vol.  XXXVUI,  parts 

2—3,  Nos.  160—151  (1882),  8^0,  London. 

Thb  Socibtt. 

MiDisoH. — Atlas  accompanying  volume  III,  Geological  Survey  of  Wisconsin,  plates  17  to 

30,  (1879),  fol.,  Madison. 

Supbbiktbndekt,  Public  Pbopbbtt,  Madison. 

MiDBiD.— Boletin  de  la  Sociedad  Geografica  de   Madrid.    Tomo  XIII,  Nos.  3—4  (1882), 

8to,  Madrid. 

Thb  Socibtt. 

illLBovBNB. — Reports  of  the  Mining  Surveyors   and  Registrars  for  quarter  ending  30th 

June  1882.  (1882),  flsc.,  Melbourne. 

Mining  Dbfabtubnt,  Victobia. 

MiU5.— Atti  della  Socidta  Italiana  di  Soienze  Natorali.    VoL  XXIII,  fasc.  3  and  4  (1881), 

8vo,  Milano. 

Thb  Socibtt. 

n       Beale  Istituto  Lombardo  di  Scienze  e  Lettere.    Rendioonti,  Serie  II,  vols.  XIII 
and  XIV  (1880  &  1881),  8vo,  Milano. 

Thb  Institute. 

NitrcHiTBL.— Bnlletin  de  Ta  Soci^t^  des  Sciences  Natarellea  de  Neuchatel,  tome  XII   (1882) 

8vo,  Neuchatel. 

The  Socibtt. 

ftriUDEtPHiA.— Journal  of  the  Franlclin  Institute,  8rd  series,  vol.  LXXXIV,  Nos.  3—5, 

(1882),  8vo,  Philadelphia. 

The  Institute* 

„  Proceedings  of  the  Academy  of  Natural  Sciences,  Parts  I— III,    1881, 

(1881  &  1882),  8vo,  Philadelphia. 

The  Academt. 

Pi8A.~Atti  della  Societa  Toscana  di  Scienze  Naturali  Process!  Verbali,  Vol.  Ill,  pp.  153— 

172  (1882),  8vo,  Pisa. 

The  Socibtt. 

"•"ABOHAl.— Journal  of  the  North  China  Branch  of  the  Boyal  Asiatic  Society.    New  series, 

vol.  XVII,  pt.  1  (1882),  8vo,  Shanghai. 

The  Soctett. 

H 


58  Beeords  of  tie  Geological  Surveg  of  India.  [vol.  xvi. 

TitUi  of  Boohs.  2>9mor#. 

SiKOAPOBE. — Jonnml  of  the  Straits  Branch  of  the  Boyal  Asiatic  Society,  No.  9, 1888, 

(1882),  8vo,  Singapore. 

The  Socistt. 

Sx«  Petbbsbubo. — ^Beitrage  znr  Kenntaies  dee  Bnasiflchen  Beiehes  iind  der  Angrenzenden 

liinder  Asiens,  2nd  series,  band  lY,  (1881),  8^0,  St.  Petersbonrg. 

The  Acadsxt. 

M  Bulletin  de  rAcaddmie  Imp^riale  des  Sciences  de  St.  P^tersbonrg.  Tome 

XXYIII,  No.  1.     (1882),  4to,  St.  Petersboorg. 

The  Acadbxy. 

„  ]\I^moirs  de  rAcaddmie  Imp^riale  des  Sciences  de  St.  P^tersbourg,  7"^ 

s^rie,  tome  XXX,  Nos.  8  and  5,  (1862),  4to,  St.  P^tersbourg. 

The  Acadext. 

„  Yerbandlongen  der  Bnssisch-Eaiserlichen  Mineralogischen  Gessellschaft 

zu  St.  Petersboorg,  s^rie  IL 
Band  I  (1861)— XVII  (1882),  (1866- 1882),  8vo,  St.  P^tembourg. 

The  Socibtt. 

Ybbicb. — ^Atti  del  reale  Istitnto  yeneto  di  scienze,  Lettere  ed  Art! — 

Serie  lY,  tomo  II,  No  10, 1872-73. 
»      V,     „   YI,    „    9, 1879-80  (1872— 1880),  8vo,  Yenezia. 

The  iNSTITdTB. 

Yjekna.— Denkschriften  der  kais.  Akad.  der  Wissenschaften— 

Band  XLHI— XLI Y,  (1882),  4to,  Wien. 

The  Acadbmt. 

„         Sitzungsberiohte  der  Eais.  Akademie  der  WissenRchaften — 

Band  LXXXIU,  Abth.    I,  heft  5  ;  Abth.  U,  heft  5 ;   and 

Abth.  ni,  heft  3—6. 
Band  LXXXIY,  Abth.    I,  heft  1—6 ;  Abth.  H,  heft  1—6 ;  nnd 

Abth.  Ill,  heft  1—6. 
Band  LXXXY,  Abtb.  II,  heft  1—2. 
(1881-82),  8vo,  Wien. 

The  AcADBicT. 
„         Yerbandlongen  der  E.  K.  G^l.  Beiohsanstalt,  Nos.  12—13  (1882),  8vo,  Wien. 

Thb  Institute. 

Washinqton. — Annoal  Beport  of  the  Board  of  Begents  of  the  Smithsonian  Institote  for 

1880.    (1881),  8to,  Washington. 

The  Ikstitutb. 
„  BoUetin  of  the  United  States  Geological  and  Geographical  Sorvey  of  the 

Territories,  vol.  YI,  No.  3  (1882),  8vo,  Washington. 

Thb  Subybt. 

MAPS. 

Carte  iS^ologiqoe  de  la  Soisse,  Blatt  2—4,  6—12,  16, 16,  20,  22  and  24^ 
with  Profil  1 — 11  in  3  sheets,  1 — 3  in  one  sheet,  maps,  Basel. 

The  Natubal  Histoby  Socibtt,  BAss&i 

Eschbb,  Abvold. — G^ologische  Karte  des  Sentis  (2  sheets)  (1673),  map. 

Thb  Soozbtt. 


FAIT  1.]  AddUioM  to  the  Ltbrary.  59 

TUkirf  Books.  Donors. 

IiCHiB»  Abvold.— Gtolog.  Profile  but  Sentis-Karte,  Tafl.  1—2  (1873),  maps. 

Thb  Socibtt. 

GMgDOftbbhe  Earte  dea  St.  Gothard,  von  Dr.  Earl  von  Fritaob  (1873),  map. 

Thb  Socibtt. 

KivnciBK,  F.  J.— Geologische  Earte  dea  Pilatus  (1866),  map. 

Thb  Socibtt. 

X0B8CH,  C — Qeoloflfiselie  Earte  dee  Umgebong  yen  Bragg  (Aargan),  map. 

Thb  Socibtt. 

BuBviiB,  E. — Carte  G^logiqae  de  la  partie  Sad  dea  Alpee  Yandoisee  (1875),  map. 

Thb  Socibtt. 

Jtmuaiy  SMh^  1883. 


RECORDS 

OF  THB 


GEOLOGICAL  SURVEY  OF  INDIA. 


Part  2.]  1883,  [May. 


S^nopiis  of  the  Fossil  Yertebnata  of  India,  by  R.  Ltdekkeb^  B.A.,  F.G.S.,  F.Z.S. 

Introductobt. 

Ih  the  "  Journal  of  the  Asiatic  Society  of  Bengal "  for  the  year  1880  there 
appeared  a  paper  by  the  present  author,  nnder  the  title  of  a  *'  Sketch  of  the  EListory 
of  the  Fossil  Yertebrata  of  India,"  in  wliich  eveiy  species  of  fossil  vertebrate 
animal  then  discoyered  in  India  was  recorded,  while  there  was  also  given  a  short 
smnmary  of  the  labours  of  those  paladontologists  who  had  written  on  the  Indian 
Fossil  Yertebrata.  Since  the  date  of  publication  of  that  paper  a  great  in- 
creaBe  in  our  knowledge  of  the  subject  has  been  obtained,  and  it  has  accordingly 
been  thought  advisable  to  republish  the  substance  of  that  paper,  with  such  ad- 
ditions and  alterations  as  are  necessary  to  bring  it  up  to  the  present  state  of  our 
knowledge.  In  many  instances  these  alterations  have  been  so  extensive  as  to 
liaye  made  it  necessary  to  totally  re-write  a  great  portion  of  the  original  paper. 
It  has  been  thought  better  to  omit  the  introductory  portion,  in  which  the  names 
of  the  chief  workers  in  this  field  of  enquiry  are  recorded,  as  there  is  no  essential 
alteration  to  be  made  regarding  them.  Some  introductory  observations  on  the 
general  relations  of  the  Indian  fossil  vertebrates  have  likewise  been  omitted,  as 
well  as  all  the  references.  The  record  of  the  local  distribution  of  species,  and  the 
places  where  the  more  remarkable  specimens  are  preserved,  form  a  new  feature 
in  this  memoir. 

The  plan  of  the  original  paper  has  been  in  the  main  strictly  adhered  to  ;  this 
consists  in  taking  each  of  the  classes  of  the  vertebrata  and  recording  their 
geological  distribution,  from  the  oldest  to  the  present  time.  At  the  end  a  system- 
^  ^Bopsis  of  all  the  known  forms  is  given,  arranged  according  to  their  geologi- 
cal distribntioiL ;  and  also  an  alphabetical  list  of  the  species. 

Class  I.— PISCES. 

(krhoniferous. — The  earliest  fishes  of  which  there  is  any  record  are  known 
nierely  by  a  few  specimens  of  teeth  and  dorsal  spines  obtained  in  the  paleoozoic 
locks  of  the  Salt-range  in  the  Panjdb.  The  beds  from  which  these  remains  were 
obtained  are  termed  the  **  Productus-Limestone,"  and  are  considered  to  corre- 
spond roughly  to  the  carboniferous  of  Europe.     Among  these  fishes  there  is  a  new 
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genns  of  ganoid  described,  upon  the  evidence  of  a  single  tooth,  nnder  the  name  of 
Sigmodus  duhiu8 ;  this  tooth  is  of  an  elongated  conical  form,  mnch  resembling  the 
teeth  of  certain  Saurians.     Of  the  OochliodontidcB,  here  provisionally  referred  to 
the  Ganoidei,  there  are  two  genera,  each  represented  by  a  single  species,  namely, 
Pcecilodus  paradoxus  and  Psephodus  indicus ;  the  tooth  of  the  former  is  of  the 
flattened  cestraciont  type.     Of  the  Elasmobranchii,  five  genera  have  been  named, 
some  from  the  evidence  of  teeth,  and  others  from  spines ;  bnt,  in  yiew  of  certain 
modem  discoveries,  it  is  not  impossible  that  in  some  cases  distinct  genera  have 
been  formed  from  the  different  remains  of  the  same  animal.     Of  these  the  new 
genns  Helodopsis,  allied  to  the  European  Hehdus,  has  been  formed  for  the  reception 
of  two  teeth,  which  have  been  referred  to  distinct  species  under  the  respective  names 
of  H.  ehngata  and  H.  abhreviaia,     A  fragpaiental  tooth,  too  imperfect  for  specific 
determination,  has  been  referred  to  the  common  European  carboniferous  genus 
Tsammodus,    A  fourth  tooth,  under  the  name  of  P.  indicus,  is  referred  to  the 
European  genus  Fetahrhyncus,  which  is  very  doubtfully  separated  from  Petalodus. 
Of  the  spines,  three  specimens  are  referred  to  the  genus  Xystracanthus,  of  the 
carboniferous  of  America,  under  the  names  of  X.  gracilis,  X,  major,  and  X.  minor; 
the  possibility  of  these  specimens  belonging  to  some  species  of  Helodopsis  is,  how- 
ever, suggested.     A  fourth  spine  is  referred  to  a  new  genus,  under  the  name  of 
Thavmatacanthus  hlanfordi.    As  far  as  the  evidence  of  these  fishes  goes,  it  is  ap- 
parent that  sharks  with  crushing  teeth  were  the  dominant  forms  in  the  Indian 
carboniferous  seas,  as  well  as  in  those  of  Europe  and  America.    All  the  specimens 
noticed  above  are  in  the  collection  of  the  Indian  Museum. 

From  the  same  rocks  there  have  been  obtained  teeth  of  two  species  of  the 
elasmobranch  genus  Acrodus,  to  one  of  which  the  name  A.  flemingi  has  been  ap- 
plied. Other  small  teeth  have  been  doubtfully  referred  to  the  ganoid  genns 
Saurichthys,  with  the  name  of  5.  (?)  indicus. 

Trias-jura, — In  the  upper  portion  of  the  great  Gondw^ma  system,  probably 
corresponding  as  a  whole  to  the  trias  and  jura,  remains  of  fishes  have  been  found 
in  some  abundance,  the  determined  forms  belonging  to  freshwater  ganoids.  In 
the  Maleri  group  ^  of  this  system,  the  fauna  of  which  shows  a  rhieto-triassic  fades, 
three  spines  of  the  genus  Ceraiodus  have  been  determined,  and  respectively  named 
0.  hislopianus,  C.  hunteriamis,  and  0.  virapa.  The  latter  is  considered  to  be 
closely  allied  to  C.  polymorphus  of  the  rhsBtic  of  Bristol.  At  the  present  day  the 
genus  inhabits  the  rivers  of  Queensland,  and  in  Europe  is  found  fossil  from  the 
Keuper  to  the  Jura.  The  specimens  of  the  Maleri  teeth  are  in  the  Indian  Mnseum. 
From  the  Kota  group,  sometimes  classed  with  the  Maleri  group,  but  showing  a 
more  distinctly  liassic  series  of  fossils,  nine  species  of  ganoids  have  been  deter- 
mined, belonging  to  the  genera  Dapedius,  Lepidotus,  and  TetrcLgonol^is,  all  of 
which  occur  in  the  secondary  strata  of  Europe,  where  they  range  from  the  lias  to 
the  eocene,  Lepidotus  being  especially  characteristic  of  the  wealden.  The  majoriiy 
of  the  specimens  on  -^hich  these  species  are  founded  are,  it  is  believed,  in  the 
collection  of  the  Geological  Society,  but  there  are  a  few  in  the  Indian  Museum ; 

'I  follow  tbe  Director  Geneml  of  the  Geological  Survey  of  Great  Britain  and  Ireland  in  contina- 
ing  to  use  the  term  '  gronp  '  as  snbordiimte  to  the  terms  '  system  '  and  *  series.''— See  Qeikie : 
"  Text-Book  of  Geology/'  1882,  p.  635. 
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in  many  cases  they  comprise  nearly  perfect  fish.     Bones,  apparently  of  fishes, 
liave  been  obtained  from  the  trias  of  Tibet,  but  are  too  imperfeot  for  determination. 

Oretaceous. — ^A  few  remains  of  fishes  have  been  obtained  from  the  middle 
cretaceous  Lameta  group,  but  are  not  determined,  though  it  has  been  suggested 
that  some  of  them  may  belong  to  the  genus  Sphyrcenodtis,  of  the  eocene  and 
miooene  of  Europe.  From  the  middle  aud  upper  cretaceous  Trichinopoli  series, 
BOTenteen  species  of  Elasmobranchi  have  been  described,  belonging  to  the  genera 
CoraXf  EnchoduSy  Lamna,  Odontaspts,  Otodus,  Oxy china,  PtychodiM,  and  Sphcerodus^ 
and  one  ganoid,  doubtfully  referred  to  Pycnodus  ;  all  these  genera  occur  in  the 
cretaceous  of  Europe,  of  which  period  some  are  characteristic.  Two  of  the 
Indian  species,  viz.,  Corax  pristodontus  and  Ptychodus  IcUissimus,  are  common 
to  the  cretaceous  of  Europe.  Most  of  these  species  are  founded  on  the  evidence 
of  teeth,  some  of  which  are  in  the  Indian  Museum  and  others  in  the  collection  of 
the  Geological  Society  of  London. 

Eocene.— -From  the  eocene  of  the  Andaman  Islands  and  Bamri  Island  on  the 
Arakan  coast,  there  have  been  obtained  two  teeth  of  a  large  Bwdon^  named 
B.foleyi;  from  the  occurrence  of  D.  hystrix  off  these  coasts  at  the  present  time, 
it  may  be  assumed  that  the  genus  has  lived  there  since  the.  eocene.  Remains  of 
a  large  species  of  this  genus  have  been  obtained  from  the  miocene  of  Malta. 
Undetermined  cycloid  scales  have  been  obtained  from  the  eocene  of  Thyetmyo 
in  Burma.  From  the  eocene  of  the  Panjdb  there  are  other  undetermined  scales, 
and  the  dental  plate  of  a  species  of  eagle-ray,— ifyZ/o&a^i^,— a  genus  very  common 
in  the  eocene  of  Europe,  and  widely  distributed  at  the  present  day.  From  the 
neighbourhood  of  Kohat,  in  the  Panj&b,  from  strata  of  eocene  or  lower  miocene 
age,  a  single  incisor  of  a  sparoid  fish,  named  Gapidotus  indicus,  has  been  obtained. 
The  genus  was  previously  known  only  from  the  miocene  of  Vienna  and  Silesia,  and 
is  allied  to  the  living  Sargus,  All  the  above  specimens  of  teeth  are  in  the  collection 
of  the  Indian  Museum. 

Pliocene, — ^From  the  Siwalik  series  numerous  species  of  fishes  have  been 
obtained,  though  severa  Ihave  not  been  determined.  Among  the  siluroids,  we 
have  a  large  skull  in  the  Indian  Museum  (originally  referred  to  a  gigantic 
batrachian)  belonging  to  the  living  species  Bagarias  yarrelli,  of  the  larger  Indian 
and  Burman  rivers.  The  British  Museum  has  the  anterior  portion  of  the  skull 
of  a  silnroid  (labelled  Pimelodm),  belonging  probably  to  a  smaller  species  of  the 
lame  genus ;  and  a  smaller  but  nearly  complete  skull  in  the  same  collection  be- 
longs probably  to  this  species.  The  survival  of  a  pliocene  fish  to  the  present  day 
is  a  fact  of  much  interest.  The  genus  would  seem  to  have  been  widely  distri- 
buted in  eocene  times  throughout  the  East,  as  a  species  has  been  described  from 
the  tertiaries  of  Sumatra  under  the  name  of  B,  gigas.  The  posterior  half  of  the 
skull  of  a  gigantic  silnroid  in  the  British  Museum  indicates  another  genus  of  this 
group.  Palatal  teeth  of  a  third  form  of  silnroid,  from  the  Panjab  and  Sind,  and 
uow  in  the  Indian  Museum,  probably  belong  to  the  genus  Arius,  now  inhabiting 
the  rivers  of  India.  Among  the  elasmobranchi  a  few  teeth  indicate  a  species  of 
Siwalik  Lamnay  while  a  single  tooth  in  the  Indian  Museum  from  Burma  belonged 
to  asmall  species  of  Oarcharodon  or  Oarcharias.  Large  squaline  vertebras,  now  in 
the  Indian  Museum,  have  been  obtained  from  the  Siwaliks  of  Perim  Island. 
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From  the  tertiaries,  or  post-tertiaiies,  of  the  E&shmir  vallej  a  few  fish-scales 
have  been  obtamed. 

Class  II.— AMPHIBIA. 

Trias-jura. — The  oldest-known  Indian  amphibian  is  represented  bj  a  sknll  and 
part  of  the  vertebral  colnmn,  from  the  Bijori  group  of  the  Gondw&nas,  of  a  lai^ 
species.  This  fine  specimen  belonged  to  the  Asiatic  Society  of  Bengal,  and  was 
sent  to  England  for  description  about  18  years  ago,  since  which  time  it  has  lain 
unnoticed.  It  has  recently  been  recovered,  and  the  writer  hopes  subsequently  to 
give  a  description  of  it.  The  skull  is  of  a  triangular  shape,  and  has  been  referred 
to  Archegosaurus  and  Lahyrinthodon.  In  its  restricted  sense,  no  skull  is  known  of 
the  latter  genus,  and  it  is  quite  possible  that  the  Indian  specimen  may  belong  to 
Mastodonsaurus  or  to  some  other  genus.  Provisionally,  it  is  convenient  to  refer 
to  it  as  an  Archegosaurua  (see  Note,  p.  93). 

From  the  Panchet  group  of  the  Gondw£nas  three  genera  of  slender- jawed 
labyrinthodonts,  allied  to  those  of  the  European  trias,  are  known.  The  first  of 
these,  Pachygonia,  has  only  the  one  species  P.  incwrvata,  and  is  known  by  the 
greater  part  of  the  mandible,  and  a  fragment  of  the  skull.  The  marking  of  the 
former  is  like  that  of  Mastodonsaurtu. ,  The  second  genus,  Oonioglyptus,  has 
two  species,  the  smaller  known  as  0.  longirostris  and  the  larger  as  O,  huxleyi  ;  it 
is  considered  to  be  closely  allied  to  Trematosaurus  of  the  bunter-sandstone  of 
Germany.  The  third  genus  is  known  only  by  a  single  fragment  of  the  mandible, 
to  which  the  name  Olyptognathus  fragilis  has  been  applied.  These  three  genera 
are  peculiar  to  India,  and  all  their  remains  are  exhibited  in  the  Indian  Museum ; 
the  two  former  belong  to  the  group  Euglypta. 

From  the  Mfingli  beds  of  the  Gondw&nas,  another  peculiar  genus  of 
labyrinthodont  has  been  obtained,  and  is  represerted  by  a  single  skull  in  the  col- 
lection of  the  .Geological  Society,  to  which  the  name  Brachyops  loiters  has  been 
applied.  The  genus  is  allied  to  Bhinosaurus  from  the  Jurassic  of  Europe,  to 
Micropholis  of  the  trias  of  Africa,  and  to  Bothriceps  of  the  trias  of  Australia,  and 
with  them  constitutes  the  group  Brachyopina. 

From  the  Maleri  group  fragmentary  jaws  of  a  species  of  Pa/ihygonia,  probably 
the  same  as  the  Panchet  form,  have  been  obtained,  as  well  as  simple  biconcave 
vertebrae  of  considerable  size,  probably  belonging  to  a  labyrinthodont ;  these  speci- 
mens are  in  the  Indian  Museum. 

Tertiary, — No  amphibian  remains  have  hitherto  been  obtained  between  the 
trias-jura  and  the  tertiaries.  In  the  lower  series  of  tbe  latter  at  Bombay  there 
occur  numerous  remains  of  a  small  frog,  belonging  to  the  genus  Oxyghsstis,  now 
living  in  China,  Siam,  and  possibly  India  ;  the  fossil  species  is  extinct,  and  is 
known  as  0.  pustlUis :  remains  of  a  larger,  but  undetermined,  frog  are  also 
indicated. 

Class  III.-^BBPTILIA. 

Trias-jura, — The  oldest  reptiles  hitherto  found  in  India  belong  to  the  orders 
Dinosauria  and  Dicynodontia,  and  occur  near  B&niganj  in  lower  Bengal,  in 
the  Panchet  group  of  the  Gondwanas,  probably  of  triassio  age.     The  remains 
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of  a  species  of  Bicynodon^  belonging  to  tbe  snb-genns  PtychogruUhiMf  are  of 
oomparatiYelj  common  occnjrrence  in  the  coarse  Panohet  sandstcme,  and  haye 
been  described  as  D,  orientals.  Other  remains  seem  to  indicate  a  second  and 
larger  species  of  the  genns.  This  order  of  reptiles  seems  to  be  characteristic  of 
the  trias  of  India,  Russia,  and  Africa^  and  to  have  attained  its  fullest  development 
in  the  latter  country.  The  remains  of  the  Indian  forms  all  occur  over  a  veiy 
mall  area  in  one  thin  seam  of  the  Panchets.  The  Dinosaur  has  been  named 
AvkUtrodon  mdieus,  and  is  the  sole  representative  of  the  genus ;  it  is  known 
merely  hy  two  minute  compressed  and  trenchant  teeth  with  serrated  edges,  like 
those  of  Megalosaurus,  implanted  in  distinct  sockets.  The  above  specimens  are 
in  the  Indian  Museum.  The  Maleri  group  of  the  same  system  has  yielded 
ntunerousy  though  much  broken,  remains  of  a  large  crocodilian,  constituting  the 
still  imdescribed  genus  Parastichtis,  and  bearing  the  manuscript  specific  name  of 
hUbpi,  after  the  late  Rev.  Mr.  Hislop,  the  discoverer  of  the  vertebrate  fossils 
of  the  Maleri  group.  This  crocodile  belonged  to  the  amphicoelian  division  of 
the  order,  and  seems  to  have  been  closely  allied  to  Belodon  and  Stagonolepis  of 
the  trias  of  Europe,  the  three  genera  forming  a  group  characterised  by  the 
non-imion  of  the  pterygoids  behind  the  palatines.  The  scutes  referred  to 
Parasuehtu  differ  from  those  of  living  crocodiles  by  their  sculpture  consisting  of 
ridges  and  furrows  radiating  from  a  sub-central  point,  instead  of  isolated  irre- 
gular pits.  From  the  Denwd  group  of  the  same  system  a  single  scale  of  a 
gigantic  crocodilian,  probably  belonging  to  the  above  genus,  has  been  obtained. 
The  Tiki  beds  in  South  Rew4,  which  are  not  improbably  the  equivalent 
of  the  Panchet  group,  have  yielded  other  crocodilian  remains,  agreeing  in 
the  structure  of  the  scales  with  Parasuchus,  but  distinguished  by  a  totally 
different  form  of  barioccipital,  whence  it  is  inferred  that  they  probably  belong 
to  a  distinct  genus.  In  addition  to  the  above,  the  Maleri  and  South  Rew4  rocks 
haye  yielded  remains  of  a  large  species  of  the  lacertian  genus  Hyperodapedon^ 
originally  described  from  the  English  trias.  The  Indian  species,  H.  huxleyi, 
differs  from  the  European,  H,  granti,  by  the  greater  number  of  the  palatal  teeth, 
and  the  presence  of  some  additional  teeth  on  the  outer  surface  of  the  mandible ; 
its  length  has  been  roughly  estimated  at  16  feet.  The  genus  is  closely  allied 
to  the  living  Hatteria  of  New  Zealand,  and  has  been  supposed  to  have  an  affinity 
^  Bhynchosaurtu  of  the  trias  of  Europe.  From  the  Chdri  group  of  the  jura 
of  Each  there  has  been  obtained  a  single  crocodilian  vertebra,  not  improbably 
belonging  to  Parasuchus ;  and  from  the  Umia  group  of  the  same,  a  fragn^nt  of 
the  mandible  of  a  Plestosaunu,  described  as  P.  indicus ;  the  affinities  of  this 
form  cannot  be  fully  determined  from  the  specimen. 

The  whole  of  the  remains  from  the  trias- jura,  mentioned  above,  are  in  the 
ooUection  of  the  Indian  Museum. 

Cretaceous. — Prom  the  Trichinopoli  group  (upper  cretaceous),  and  probably 
^m  the  Lameta  group  (middle  cretaceous),  there  have  been  obtained  a  few  teeth 

of  a  species  of  Megaloeawrus^  a  genus  whose  range  in  Europe  extends  from  the 

* 

J^urassic  to  the  wealden ;  the  one  tooth  of  the  Indian  form  now  forthcoming  is 
lA  the  Indian  Museum.  From  the  Lameta  series  there  have  also  been  obtained 
^  remains  of  another  genus  of  gigantic  dinosaur,  to  which  the  name  TUomo- 
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saurus  has  been  assigned.  This  genua  is  allied  to  FeloroBawrut  of  the  English 
wealden,  and  to  Oetiosaurus  of  the  Jurassic,  and  was  a  long-tailed  terrestrial  form. 
The  genus  was  represented  bj  two  species, — T.  indicui  and  T,  hlanfordi;  the 
former  characterised  by  the  centre  of  the  caudal  yertebred  being  compressed, 
while  in  the  latter  they  are  sub-cylindrical.  Numerous  yertebrsa,  chiefly  caudal, 
and  a  huge  femur,  nearly  4  feet  in  length,  are  preseryed  in  the  Indian  Museum, 
and  there  is  a  cast  of  one  of  the  former,  belonging  to  T,  tndicus,  in  the  British 
Museum.  A  few  bones,  in  the  former  collection,  indicate  a  smaller  undetermined 
reptile  from  the  Lametas. 

The  Chelonia  are  known  in  the  cretaceous  merely  by  some  broken  plates,  in 
the  collection  of  the  Indian  Museum,  obtained  from  the  Lametas,  from  the 
infra-trappeans  of  B&jamahendri  (Bajamundry),  and  from  the  upper  cretaceous 
of  Sind. 

The  Crocodilia  of  the  cretaceous  are  known  only  by  one  amphicoelian  species, 
apparently  allied  to  Sttchosaurus  of  the  English  wealden,  of  which  some  yertebns 
haye  been  obtained  from  the  upper  cretaceous  of  Sind,  and  are  now  in  the  Indian 
Museum* 

A  large  species  of  Ichthyosaurus,  named  J.  indictu,  is  known  solely  by  a  few 
yertebred  obtained  from  the  middle  cretaceous  of  Trichinopoli,  and  now  in  the 
Indian  Museum ;  the  range  of  the  genus  in  Europe  is  from  the  lias  to  the  chalk. 

Eocene.'^The  only  specifically  determined  eocene  reptile  has  been  referred  to 
the  genus  Hydraspis,  under  the  name  H.  leithi.  The  specimen  on  which  this 
determination  rests  is  a  carapace  from  the  inter-trappeans  of  Bombay.  The 
genus  Hydraspis  belongs  to  the  Einydidm,  and  is  now  confined  to  tropical  America. 
From  the  nummulitics  of  the  Panjab  numerous  fragmentary  remains  of  croco- 
dilians  haye  been  obtained,  but  in  too  imperfect  condition  for  determination. 

Pliocene'^. — Many  of  the  Siwalik  chelonians  in  the  British  and  Indian  Mu- 
seums are  still  undescribed,  and  the  following  list  must,  therefore,  be  con- 
sidered imperfect.  Of  the  Crocodilia,  a  species  from  the  Sub-HimsJaya  and 
Perim  Island  has  been  identified  with  the  liying  Indian  Orocodilus  palustris 
(homhi/rons),  remains  from  Burma  and  Sind  probably  belonging  to  the  same 
species.  Of  the  genus  Qharialis  (^Leptorhynchus),  a  species  from  the  Sub-Hima- 
laya, Burma,  Sind,  and  Perim  Island  is  identical  with  Gharialis  gangeiicus  of 
the  Ganges  and  Jamna.  A  second  species  from  the  Sub-Himalaya,  with  slender 
teeth,  has  been  named  O.  leptodus ;  and  a  third,  of  gigantic  dimensions,  and  with 
shorter  and  stouter  jaws  and  teeth,  O,  crassidens ;  the  latter  has  been  obtained 
from  the  Sub-Himalaya,  Burma,  and  Sind.  Remains  of  the  aboye  species  are 
preseryed  both  in  the  British  and  Indian  Museums. 

Of  the  order  Lacertilia  only  one  species  of  Yaranus  is  known,  and  named 
y.  sivalensis :  this  determination  rests  on  the  eyidence  of  the  distal  extremity  of 
a  humerus,  from  the  Sub-Himalaya,  in  the  British  Museum.    The  genus  Varanus 

^  In  this  memoir  the  fosailifeioos  Siwalilu  of  Sind  (lower  Manchhars)  are  termed  earlier  plio- 
cene, and  those  of  tbe  Suh-Himalaya  and  other  parts  of  India  higher  pliocene, — the  possihilitj 
of  some' of  the  Siud  heds  being  of  miocene  age  being  still  kept  in  view.  The  terms  eariier 
and  lugher  pUocene  are  intended  merely  to  indicate  that  the  one  is  older  than  the  other,  and 
not  to  indicate  their  correlation  with  the  divisions  of  the  European  pliocene. 
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IB  sow  of  common  ocenrrence,  and  has  probably  existed  since  the  oligocene,  as 
the  so-called  PalcBovaranua  of  the  Qnercj  phosphorites  is  probably  the  same. 

The  Ophidia  are  known  only  by  some  yertebraa  from  the  Panjab  and  Sind, 
belonging  to  the  genus  Python,  and  not  distinguishable  from  those  of  the  living 
Indian  P.  nk>2iirtf8 ;  these  specimens  are  in  the  Indian  Museum.  A  species  of 
python  (P.  cadurcensia)  from  the  Quercy  phosphorites  seems  to  have  very  closely 
leeembled  P.  molurus. 

The  Chelonia  are  well  represented,  and  comprise  among  other  land  tortoises 
^  gigantic  Colossochelys  atlas  from  the  Sub-Himalaya  and  Burma.  This  form 
is  stated  to  be  mainly  distinguished  from  Testudo  by  the  thickening  of  the  epi- 
sternal  portion  of  the  plastron,  but  it  is  doubtful  if  this  character  is  of  generic 
value,  and  the  species  should  probably  be  referred  to  the  latter  genus.  The 
length  of  the  restored  carapace  in  the  British  Museum  is  12  feet  3  inches,  and 
the  entire  animal,  with  the  head  and  tail  extended,  is  considered  to  have  attained 
^e  length  of  22  feet.  In  addition  to  this  gigantic  animal  there  is  good  evidence 
of  the  existence  of  other  large  tortoises,  as  the  Indian  Museum  possesses  several 
specimens  of  the  ankylosed  epistemals  of  at  least  two  species  of  large  tortoises. 
These  bones  are  as  thick,  but  not  as  long,  as  those  of  Colossochelys,  and  their 
extremities  are  shorter,  but  more  divergent ;  they  probably  belonged  to  species 
of  Tuludo,  about  two-thirds  the  size  of  G,  atlas.  A  broken  epistemal  indicates 
a  third,  but  smaller  species  ;  while  a  fourth  species  of  about  the  same  size  as  the 
htst  is  represented  by  three  epistemals  in  the  Indian  Museum,  which  are  not 
hiforcated  at  their  anterior  extremities.  A  single  carapace  of  a  small  tortoise 
in  the  Indian  Museum  seems  also  to  belong  to  the  genus  Testudo,  Among  the 
hardpfihelled  emydine  tortoises  we  have  a  species  of  Bellia,  represented  by  two 
carapaces  in  the  Indian  Museum,  which  has  been  named  B.  sivalensis,  and  is 
considered  to  be  closely  allied  to  B,  crassicollis,  now  inhabiting  Tenasserim, 
Siam,  and  Sumatra ;  the  genus  is  only  represented  by  one  other  living  species, 
B.  nuchalis  of  Java.  Another  carapace  in  the  Indian  Museum,  also  from  the 
Panj&b,  seems  to  indicate  a  second  Siwalik  species  of  the  genus.  In  the  British 
Unsexun  there  are  two  carapaces  of  Siwalik  land  tortoises,  with  three  dorsal 
ridges,  which,  although  diiSering  considerably  in  size,  evidently  belong  to  the 
same  species,  and  since  the  smaller  cannot  be  distinguished  from  the  living  Damo^ 
uta  hamiUoni,  inhabiting  Lower  Bengal,  they  may  be  referred  to  that  species ; 
is  is  frequently  the  case,  however,  the  fossil  form  greatly  exceeded  the  living  in 
size.  The  larger  specimen  was  named  Emys  hamiltonoides  in  manuscript.  An 
imperfect  carapace  from  the  PanjiLb,  in  the  collection  of  the  Indian  Museum, 
seems  to  belong  to  the  genus  Emys.  A  single  marginal  plate,  also  in  the  Indian 
Unaenm,  has  been  referred,  under  the  name  of  Oautleya  annuliger,  to  a  new 
genns,  said  to  be  distinguished  from  all  other  emydine  tortoises  by  the  cartilagi- 
nous, in  place  of  the  osseous,  union  of  the  marginals  with  the  adjoining  plates. 
Among  the  BataguridaB,  some  carapaces  in  the  British  Museum  indicate  an 
•oimal  identical  with  the  living  Pangshura  (Emys)  tedwm,  now  inhabiting  Lower 
Bengal ;  the  fossil  form  attained  a  larger  size  than  the  recent.  A  large  species 
of  Bata^r  has  been  obtained  in  some  numbers,  but  is  not  specifically  determined. 
A  carapace  of  this  genus  in  the  Indian  Museum,  with  a  ridge  on  the  vertebral 
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plates,  veiy  probably  belongs  to  a  second  species.  Remains  of  a  large  Tricm^  axe 
likewise  not  uncommon,  but  have  not  yet  been  specifically  determinecU  A  cank 
pace  in  the  British  Museum  has  been  identified  with  the  living  Emyda  vittata 
(ceylonensis)  of  Central  and  Southern  India  and  Ceylon,  and  it  is  [probable  that 
numerous  other  remains  of  this  genus  may  be  referred  to  the  same  species. 

Fleietocene. — The  reptiles  of  the  pleistocene  are  still  very  imperfoctly  known, 
but  it  is  probable  that  they  all  belong  to  living  Indian  species.  From  both 
the  Jamna  and  Narbada  beds  specifically  indetenninable  remains  of  crocodiles 
have  been  obtained.  Two  complete  specimens  of  the  carapace  of  Pumgehmra 
tectum  from  the  Narbada  aore  in  the  Indian  Museum,  and  serve  to  connect  the 
living  with  the  Siwalik  form,  and  show  that  the  range  of  the  specdea  once 
extended  over  the  greater  part  of  India.  A  portion  of  the  plastron  of  a  Bata^ur 
from  the  Narbada  has  been  provisionally  referred  to  B,  dhongcka,  now  found  in 
the  same  river.  A  fragment  of  the  carapace  of  a  Trionyx,  from  the  same  de- 
posits, probably  belonged  to  T.  ffangeticua^  and  it  is  highly  probable  that  a  large 
chelonian  cranium  in  the  British  Museum,  from  the  same  deposits^  should  be 
referred  to  the  same  species. 

6e»era2.-— The  foregoing  notes  will  show  that  the  fossil  reptiles  are  very  few  in 
number,  and  that  many  are  only  known  by  very  fragmentary  remains.  The 
known  mesosoic  forms  belong  entirely  to  extinct  genera ;  the  one  known  eocene 
reptile  belongs  to  a  genus  still  living,  but  now  far  removed  from  India;  the 
pliocene  forms  (with  the  exception  of  the  doubtful  genus,  Oolossochelyi)  all  belong 
to  modem  Indian  genera,  and  frequently  to  existing  species,  although  their 
range  is  now  frequently  restricted  to  the  more  southern  parta  of  India ;  in  the 
pleistocene  it  is  probable  that  all  the  forms  belong  to  existing  apecieay  which 
still  inhabit  the  same  districts  as  their  fossil  ancestors. 

CuLSS  IV.— AVE  S. 

Pliocene, — ReTnftiTm  of  birds  have  hitherto  been  found  only  in  the  Sub- 
Himalayan  Siwaliks,  and  in  one  instance  in  Sind ;  their  numbers  are  still  very 
emalL  Some  of  theae  remains  are  in  the  British,  and  the  others  in  the  Indian 
Museum.  Among  the  carinatea,  a  tarso-metatarsus  has  been  considered  to 
belong  to  a  cormorant,  and  is  provisionally  referred  to  the  genus  Qraculue.'  A 
species  of  pelican  {Pelecanus  cautleyi),  somewhat  smaller  than  the  living  Indian 
P.  miiratui^  is  indicated  by  a  fragment  of  the  ulna ;  while  another  fngmmsk  o£ 
the  same  bone  has  been  referred  to  a  second  species,  under  the  name  of  P.  mw* 
leasts,  but  there  is  some  doubt  whether  the  generic  determination  ia  correct.'  A 
gigantic  wader  has  been  described,  from  the  evidence  of  a  sternum  and  tibia, 
under  the  name  of  Megaloscelomis  stvalensisf  and  it  is  possible  that  the  condyles 
of  a  humerus  from  Sind,  measuring  2  inches  in  diameter,  may  belong  to  the 
same  genus.  A  species  of  adjutant  stork,  which  appears  to  have  had  consider- 
able variationa  in  aize,  has  been  named  Argala  falconeri.  The  Batitad  appear  to 
have  been  represented  by  three  species,  one  of  which  waa  a  true  osferich  {Sirutkio 
asiaiicus^),  and  is  known  by  several  bones  of  the  leg  and  foot;  and  some  cervical 
vertebrsB.     The  second  species  is  an  emeu  (Dromoeus  sivalensis,)  and  is 

'  'rUe  name  8»paUnndieiu  occurs  in  manoicript. 
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hy  some  toe-bones ;  while  the  third,  which  is  not  even  genericallj  determined,  ia 
considered  to  be  a  three-toed  form,  intermediate  between  the  ostrich  and  the 
emeu,  and  is  only  known  by  one  of  the  bones  of  the  foot 

Class  V.— MAMMALIA. 

Jfocen«.— No  traces  of  mammals  have  yet  been  detected  below  the  eocene, 
aad  there  only  some  very  fragmentary  bones  have  been  obtained  from  the  Panj&b. 
Tlie  determinable  bones  consist  of  the  distal  portions  of  the  femur  and  the  meta- 
tarsus of  a  perissodactylate  animal,  allied  to,  if  not  identical  with,  the  palseo- 
there  and  the  astragalus  of  an  artiodactylate.  The  latter  was  obtained  above 
the  nmnmulitic  clays  of  Fatehjang,  and  belonged  to  a  (probably)  ruminant 
Animal,  in  which  the  navicular  and  cuboid  elements  of  the  tarsus  were  united. 
These  specimens  are  in  the  Indian  Museum. 

Miocene, — The  only  definitely  determined  miocene  mammal  is  a  rhinoceros 
from  the  G^j  beds  of  Sind,  which  is  apparently  a  variety  of  B.  sivalensis^  and  has 
been  named  v.  gajensis. 

Pliocene. — The  primates  are  known  merely  by  a  few  fragmentary  specimens 
of  upper  and  lower  jaws,  with  their  teeth,  and  by  one  bone.  The  palate  of  a 
fmale,  and  the  upper  canine  of  a  male,  have  been  referred  to  a  large  anthropoid 
ape,  under  the  title  of  Palceopithecus  sivalensis ;  the  genus  seems  to  be  allied  to  the 
orang,  but  is  distinguished  by  the  narrower  form  of  the  premolars :  this  speci- 
men is  in  the  Indian  Museum.  The  half  of  a  palate,  not  improbably  belonging 
to  a  species  of  Senvnopithecits,  in  the  British  Museum,  has  been  provisionally 
luuned  8.  suhhimalayanus.  A  lower  jaw  and  an  astragalus,  the  former  in  the 
British  Museum,  seem  probably  to  belong  to  a  smaller  form  of  Semnopithecus, 
considered  to  be  distinct  from  the  former  species.  A  species  of  MacacuSy  larger 
than  M,  rhesus^  is  indicated  by  two  fragments  of  the  mandible,  in  the  British 
Unseum;  while  a  second  species,  smaller  than  M,  rhesus,  and  known  as  M, 
fioalensis,  is  represented  by  two  fragments  of  the  maxilla,  with  teeth,  in  the 
Indian  Museum. 

Among  the  Camivora  we  find  a  large  species  of  tiger,  characterised  by  its 
greatly  developed  sagittal  crest,  which  has  accordingly  been  named  Felis  cris» 
tata^ ;  this  species  is  represented  by  three  crania  (and  limb-bones)  in  the  British 
Mnaeum,  to  one  of  which  the  separate  specific  name  F.  grandicristata  has  been 
applied,  but  apparently  on  insufficient  grounds.  The  Indian  Museum  possesses 
some  limb-bones,  and  a  lower  camassial  tooth,  which  not  improbably  belong  to 
this  species.  A  smaller  species  of  the  genus,  about  the  size  of  F,  hengalensis,  is 
indicated  by  a  single  ramus  of  the  mandible,  in  the  Indian  Museum.  The  genus 
MofhairodiLS  is  represented  by  M,  sivalensis  (M,  fakoneri,  Pomel),  apparently 
▼ar3ring  in  size  from  the  dimensions  of  the  jaguar  to  those  of  the  tiger,  although 
it  has  been  proposed  to  distinguish  the  larger  form  under  the  name  of  M,  pa^ 
^ndicus.  This  species  is  represented  by  two  broken  skulls,  and  numerous 
fn^ents  of  the  jaws  in  the  British  Museum,  and  by  the  hinder  part  of  a  small 
skull,  and  part  of  the  mandible  in  the  Indian  Museum.  The  genus  Pseud- 
<^hrns,  distinguished  from  Felis  by  the  presence  of  three,  or  occasionally  four, 

'  The  manuscript  name,  F,  palcBoiigris,  exists. 
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in  place  of  two  lower  premolars  ^  (although  the  ante-pennltimate  premolar  is 
occasionally  present  as  an  abnormality  in  Felis),  is  known  by  a  ramus  of  the 
mandible,  in  the  Indian  Mnseum,  named  P.  sivalensis ;  the  species  was  about 
eqnal  in  size  to  a  small  leopard.  Among  the  civet-like  animals  we  have  a 
species  of  Viverra,  said  to  be  closely  allied  to  the  living  civet»  and  represented 
by  two  skulls  in  the  British  Museum,  to  which  the  name  Viverra  hakeri  has  been 
applied.  Ictitherium  is  represented  by  J.  sivalense,  of  which  the  two  rami  of  one 
mandible,  a  broken  ramus,  without  teeth,  of  another,  and  a  canine  tooth  are 
known,  all  of  which  are  in  the  Indian  Museum,  and  came  from  the  Panjib. 
The  hysBuas  are  represented  by  Hycena  sivalensis,  said  to  present  relationship 
both  to  the  Indian  H.  striata  and  to  the  African  and  European  H,  crocuta,  of 
which  there  are  numerous  specimens  of  the  skull  and  mandible  in  the  British 
and  Indian  Museums.  It  has  been  proposed  to  separate  some  of  these  specimens 
under  the  name  of  H,  felina,  a  so-called  species  said  to  be  characterised  by  the 
absence  of  the  first  upper  premolar,  and  by  the  minute  size  of  the  last  upper 
true  molar  ;  a  large  series  of  specimens  shows,  however,  a  great  variety  in  these 
respects.  Remains  of  a  species  of  Hyaena  have  been  described  from  the  plio- 
cene of  China,  and  referred  to  a  distinct  species.  The  dogs  are  represented  by 
Canis  catUleyi,  and  C,  curvlpalatus ;  the  former  closely  allied  to  the  wolf  :  portions 
of  the  skulls  of  these  species  are  in  the  British  Museum,  and  a  specifically  un- 
determined palate  in  the  British  Museum.  The  genus  Amphicyon^  distinguished 
from  Canis  by  its  plantigrade  character  and  by  the  presence  of  an  additional 
upper  true  molar,  is  represented  by  A.  palceivdicuSf  of  which  the  Indian  Museum 
possesses  several  specimens  of  the  jaws  and  teeth  from  Sind  and  the  Panjib. 
The  bears  are  represented  by  the  genera  Ursiis  and  HycBnarctos :  of  the  former 
there  is  a  skull,  without  teeth,  from  the  Sub-Himalaya,  and  a  canine  from  the 
Irawadi,  both  in  the  collection  of  the  Indian  Museum.  Of  the  latter  there  are 
two  species,  H.  sivalensis  and  H.  palceindicus.  H.  sivalensis  has  the  molars  with 
quadrangular  crowns,  and  is  known  by  a  fine  skull,  the  half  of  a  mandible,  and 
some  limb-bones,  in  the  British  Museum;  and  by  numerous  specimens  of  the  teeth 
and  jaws  in  the  Indian  Museum ;  a  single  upper  molar  from  the  newer  pliocene  of 
England  much  resembles  the  teeth  of  this  species.  H.  palceindicus  is  known 
only  by  a  single  maxilla  in  the  Indian  Museum,  and  is  distinguished  by  the 
triangular  form  of  the  crowns  of  the  upper  molars,  which  approach  those  of 
Amphicyon.  Of  the  subursoid  carnivores,  the  genus  Mellivora  (Jlrsitaxwi)  is  re- 
presented by  M,  sivalensis,  known  by  a  fragment  of  the  mandible  from  the 
Panjab,  in  the  Indian  Museum,  and  apparently  very  closely  allied  to  the  living 
Indian  species  ;  and  the  genus  Meles  by  a  single  species,  of  which  there  is  also 
only  a  fragment  of  the  mandible  contained  in  the  Indian  Museum.  Of  the 
otters,  iMra  paUeindica  has  been  named  from  the  evidence  of  a  skull  and  lower 
iaw  in  the  British  Museum  ;  and  a  second  species  seems  to  be  indicated  by  a 
lower  iaw  from  the  Panjab,  in  the  Indian  Museum.  Enhydriodony  represented 
by  E.  feroXf  is  a  genus  peculiar  to  the  Siwaliks  ;  the  only  known  specimens  are 
two  skulls  in  the  British  Museum,  a  part  of  the  maxilla  in  the  Museum  of  the 
Royal  College  of  Surgeons,  and  a  mandible.     The  genus  takes  its  name  from  its 

^  Occaaionally  a  tubercular  true  molar  is  present,  aiid  the  genus  then  approaches  Proailurus. 
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afi&nity  to  the  living  sea-otter  (Enhjdras).  The  living  genus  inhabits  the 
coasts  of  the  North  Pacific  during  winter,  and  proceeds  up  the  rivers  in  summer; 
bat  it  is  probable  that  its  fossil  ancestor  must  have  been  entirely  a  river-dvvelliDg 
form. 

The  Proboscidia  are  very  abundantly  represented,  species  of  all  the  known 
genera  or  sub-genera  being  present.     The  most   specialised  genus,  Euelephas, 
k  represented  by  E.  kysudricuSf  of  which  the  molars  are  of  less  complex  structure 
than  thoso  of  E,  tndicus.     Loxodon  is  represented  by  L.  planlfrons,  remarkable 
for  being  the  only  species  of  true  elephant  in  which  premolars  are  known  to  have 
been  developed.   The  genus  or  sub-genus  Stegodon,  peculiar  to  South-Eastem  Asia, 
18  represented  by  four  species.     Of  these  the  molars  of  S.  ganesa  and  8,  insignia 
appear  to   be  indistinguishable   from   one   another;  the  skull   of  the   former, 
bowever,  of  which  there  is  a  magnificent  specimen  in  the  British  Museum,  is 
distinguished  by  its  enormous  tusks ;  while  that  of  the  latter,  of  which  there  are 
nnmerous  specimens,  by  the  peculiarly  depressed  form  of  the  f ronto-parietal  region. 
Molars  of  either  8*  insignis  or  of  the  next  species,  if  not  of  both,  have  been  obtained 
from  strata  of  probably  pliocene  age  in  Japan.     The  molars  of  the  third  species, 
S.  hombifrons,  are  less  complex  than  those  of  the  preceding ;  its  skull  has  very 
prominent  frontals;  remains  of  this  species  have  been  obtained  from  the  pliocene  (?) 
of  Cbina,  and  described  under  the  name  of  8.  orientalis.     Of  the  fourth  species, 
5.  difii^  the  skull  is  unknown,  but  the  molars  are  still  simpler,  the  intermediate 
ones  bearing  only  six  ridges  each ;  remains  of  this  species  have  also  been  obtained 
from  Burma,  Japan,  and  China,  a  tooth  from  the  latter  country  having  been 
named  8»  sinensis.     Five  species  of  mastodons  are  also  known,  three  belonging  to 
the  tetra-,  and  two  to  the  tri-lophodont  subdivision  of  the  genus.     Of  the  former. 
If.  latidens  approaches  nearest  to  the  stegodons,  and,  as  it  has  open  valleys,  and 
the  intermediate  molars  occasionally  carry  five  ridges,  it  affords  such  a  complete 
transition  between  8.  clifti  and  the  other  mastodons  that  it  seems  highly  probable 
that  the  generic  divisions  of  the  elephants  and  mastodons  should  be  swept  away, 
and  the  whole  of  them  included  under  one  large  genus.     The  skull  of  M.  latidens 
is  unknown ;  its  remains  have  been  obtained  from  the  Irawadi  valley,  the  Sub- 
Himalaya,   Sind,  and  Perim  Island.     M.  jperlmensis  has  the   molai*s  leather  less 
regular  than  the  last;  there  is  a  fine  skull  in  the  British    Museum,    and   its 
remains  have  been  found  in  the  Panjab  and  Perim  Island.     The  third  teti*a- 
lopbodont  species,  3f.  sivaleiisis,  has  the  molars  with  an  "  alternate"  arrangement 
of  the  ridges,  and  occasionally  presenting  a  tendency  to  a  pentalophodont  formula; 
there  is  a  fine  skull  in  the  British  Museum,  and  remains  of  this  species  have  been 
obtained  only  from  the  Sub-Himalaya.   The  skulls  of  the  two  trilophodont  species 
are  unknown,  and  all  their  remains,  which  are  from  the  Panjab,  Sind,  and  Perim 
Island,  are  in  the  Indian  Museum  *.     In  the  first,  M.  falconer i^  the  valleys  of  the 
inolars  are  open,  and  the  symphysis  of  the  lower  jaw  is  short,  and  sometimes 
provided  with  small  cylindrical  tusks.     In  the  second,  M,  pandioyns,  the  valleys 
of  the  molars  are  obstructed  by  outlying  columns,  and  the  symphysis  of  the  lower 
jaw  is  produced  into  a  long  trough-like  process,  which  may  or  may  not  be  f  ur- 
lushed  with  large  compressed  tusks.     Of  the  genus  Binotherlum  three  species  aro 

'  This  is  czclosivo  of  tho  remiuns  of  If.  pandiouis  from  the  pleistocene  of  Madras. 
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known :  the  largest  of  these,  D.  indicumy  rivals  in  size  the  Eoropean  D.  giganteum  ; 
there  are  several  specimens  of  the  teeth  and  jaws  in  the  Indian  Mosenm,  and  also 
in  the  collection  of  the  Bombay  Branch  of  the  Boyal  Asiatic  Society ;  there  is  also 
a  cervical  vertebra,  part  of  the  mandible,  and  an  upper  molar  in  the  British 
Museum;  remains  of  this  species  have  been  obtained  from  the  Panj^b  and  Perim 
Island.  The  second  species,  D.  pentapotamicB,  is  of  smaller  size,  and  has  been 
obtained  from  the  Panjab,  Elach,  and  Sind;  numerous  specimens  of  the  teeth  and 
jaws  are  exhibited  in  the  Indian  Museum.  The  last  species,  D.  sindietise^  is 
only  known  by  two  specimens  of  a  part  of  the  mandible,  one  from  Sind  and  the 
other,  lacking  the  crowns  of  the  molars,  from  the  Panjdb ;  both  specimens  are  in 
the  Indian  Museum.  The  mandible  in  this  species  is  subcylindrical  in  cross- 
section,  and  thereby  approaches  the  mastodons. 

Coming  to  the  Ungulata,  we  find  both  the  perisso-,  and  the  artio-daciylate  sections 
well  represented,  though  the  latter  are  by  far  the  most  numerous.  Among  the 
former,  we  have  the  rhinoceroses  represented  by  three  species  of  true  Rhinoceros : 
the  first  of  these  was  a  unicorn  form,  apparently  very  closely  allied  to  the  living 
B.javanicus  (for? eiaicu^),  which  it  resembles  in  the  form  of  its  molars  and  the 
mandible.  Skulls  and  teeth  of  this  species  are  contained  both  in  the  British  and 
Indian  Museums,  and  its  remains  have  been  obtained  from  the  Sub-Himalaya  and 
Sind.  The  second  species,  B.  palceindicuSf  does  not  seem  to  come  very  near  to 
any  living  form ;  this  species  was  also  unicorn,  and  the  mandible  had  two  pairs 
of  incisors;  the  upper  molars  are  intermediate  in  structure  between  those  of  the 
living  Javan  and  Indian  species.  Most  of  the  remains  of  this  form  are  from  the 
Sub-Himalaya,  and  are  in  the  British  Museum.  The  third  species,  B,  platyrhiniu, 
was  of  huge  size,  and  furnished  with  two  horns ;  its  molars  are  of  the  complex 
type  of  B.  indiciM,  and  its  mandible  has  no  incisors  like  the  mandibles  of  the 
living  African  species,  and  the  extinct  B.  pachygnathus  of  Pikermi.  Remains  of 
this  species  have  been  obtained  only  from  the  Sub-Himalaya,  and  are  nearly  all 
in  the  British  Museum,  where  there  is  a  nearly  complete  skull.  All  the  above  species 
have  high-crowned  (hypsodont)  molars.  It  is  possible  that  certain  remains  from 
the  Bhugti  hills,  now  in  the  hands  of  the  writer,  may  indicate  a  new  species  of 
the  genus,  with  a  mandible  resembling  that  part  in  the  existing  African  species. 

Imperfect  molars  of  a  species  of  Bhinoceros  have  been  obtained  from  the 
pliocene  of  China,  and  described  as  B.  sinensis.  The  hornless  rhinoceroses  are 
represented  by  the  gigantic  Acerotherium  perimense  ^,  of  which  there  are  a  fine 
skull  and  numerous  teeth  and  jaws  from  the  Panjab,  in  the  Indian  Museum,  and 
a  magnificent  palate  and  some  specimens  of  the  mandible,  from  Perim  Island, 
in  the  collection  of  the  Bombay  Branch  of  the  Boyal  Asiatic  Society;  the  British 
Museum  also  possesses  a  few  specimens  of  teeth  and  jaws  from  Perim  Island. 
The  genus  Chalicotherium,  formerly  classed  among  the  artiodactylates,  but  now 
placed  by  many  among  the  perissodactylates  as  a  link  between  the  rhinoceroses 
«nd  the  palaeotheres,  is  represented  by  0.  sivalenQs, — a  species  presenting  a 
peculiarly  aborted  dentition,  and  hence  referred  by  .some  to  a  distinct  genus,  under 
the  name  of  Nestoritherium;  it  has  been  considerei  to  be  nearly  allied  to  Rhino- 
ceros  p<ichygnathus.    This  species  is  of  rare  occurrence,    but  is   known  by  an 

*  Syn.  EhiMceros  inmiieus  and  S.  planideiu. 
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BBBodated  cranitim  and  mandible,  in  the  Museum  of  St.  Andrew's  University;  by 
the  upper  molars  of  eaob  maxilla  and  a  mandible  in  the  British  Museum,  and  by 
ft  few  lower  molars  in  the  Indian  Museum.  The  latter  specimens  are  from  Sind, 
and  the  others  from  the  Sub-Himalaya.  Another  species  has  been  described  from 
the  pliocene  of  China.  It  seems  doubtful  whether  the  genus  Tapirus  occurs ;  the 
symphysis  of  a  mandible  from  the  Irawddi  valley  has  indeed  been  referred  to  it, 
hat  the  determination  cannot  be  considered  certain^.  Fossil  remains  of  the  genus 
hare,  however,  been  obtained  from  the  pliocene  of  China.  The  genus  Listriodonj 
Bometimes  referred  to  the  pigs,  is  represented  by  L.  pentapotamice  and  L,  theo- 
hoiii,  the  former  being  known  by  several  molars,  and  the  latter  only  by  one 
molar  of  small  size.  All  these  teeth  were  obtained  from  the  Panjdb,  and  are 
in  the  Indian  Museum. 

The  horses  are  represented  by  the  genera  Equus  and  Hippotherium  (Htppa^ 
rion) ;  of  the  former  there  are  two  species,  viz,,  E,  sivalensis,  apparently  closely 
allied  to  the  Tibetan  kiang  {E.  hemionus),  but  retaining  some  ancestral  charac- 
ters, and  E.  namadicus,  more  nearly  allied  to  the  existing  horse.  Remains  of 
these  species  have  been  obtained  from  the  Sub-Himalaya,  and  one  species  of 
the  genus  from  Perim,  of  which  there  are  three  molars  in  the  Museum  of  Trinity 
College,  Dublin.  Of  Hippotherium  there  are  also  two  species,  viz,,  H,  anteloptnumy 
closely  allied  to  the  European  H,  gracile,  and  H,  theobaldi,  distinguished  by  its 
saperior  size,  and  the  form  of  its  upper  milk-molars.  The  former  has  been 
obtained  from  the  Sub-Himalaya  and  Perim  Island,  and  there  are  numerous 
remains  both  in  the  British  and  Indian  Museums.  A  fine  skull  from  Perim  has 
been  recently  sent  on  loan  to  the  Indian  Museum,  and  is  the  only  known  example. 
The  latter  has  been  obtained  from  the  Panjdb,  Burma,  and  Perim  Island,  and 
most  of  its  remains  are  in  the  Indian  Museum;  it  is  not  improbable  that  the 
range  of  this  species  extended  to  China,  where  molars  belonging  to  some  form 
of  the  genus  have  been  obtained.  Coming  to  the  artiodactylates,  we  have 
among  the  bunodont  pig-like  animals  two  species  of  Hippopotamitu,  one  of  which, 
H,  sivalensis,  was  of  large  size,  and  furnished  with  six  incisors  in  either  jaw ; 
the  other,  JJ.  iravaticus,  is  very  imperfectly  known,  but  seems  to  have  been  of 
small  size.  Bemains  of  these  species  have  been  obtained  from  the  Sub-Himalaya 
and  the  Irawadi  valley.  A  large  animal,  Tetraconodon  magnum,  is  known  only 
by  a  broken  mandible,  from  the  Panjdb,  in  the  Indian  Museum,  and  of  which 
there  is  a  cast  in  the  Museum  of  the  Boyal  College  of  Surgeons,  and  by  a  figure  of 
the  upper  dentition.  The  mandible  is  remarkable  for  the  enormous  size  of  the 
premolars,  and  indicates  an  animal  allied  to  the  European  and  American  tertiary 
genus  EfUelodon  {E lather iwn),  but  distinguished  by  the  greater  relative  size 
of  the  premolars,  and  the  more  regularly  oblong  form  of  the  true  molars.  The 
true  pigs  (Sua)  are  represented  by  three  species,  the  first  of  which,  S.  giganteus,  is 
distinguished  by  its  enormous  size ;  there  is  a  nearly  complete  skull,  with  the 
mandible  attached,  and  with  some  of  the  limb-bones,  of  this  fine  species,  as  well  as 
numerous  other  remains  in  the  Indian  Museum,  and  a  large  series  of  teeth 
tod  jaws  in  the  British  Museum,  all  of  which  have  been  obtained  from 
tte  Panj&b  and  Sub-Himalaya.     The  second  species,  8.  JiT/sudricw,  is  smaller 

1  Remains  of  Listriodon  ha?e  been  described  as  Tapirm*, 
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than  the  living  wild-boar,  and  has  been  obtained  from  the  Panj&b,  Sab-Himalaya, 
Perim  Island,  and  Sind.  The  last  species,  &  punjabiensts,  is  of  very  small 
dimensions,  and  is  only  known  by  two  portions  of  the  mandible  from  the  Panj&b^ 
now  in  the  Indian  Mnsenm.  Hippohyiu  is  a  genus  peculiar  to  the  Siwaliks, 
whose  molars  present  a  remarkable  complex  arrangement  of  the  columns,  recalling 
the  pattern  of  the  molars  of  the  horse ;  it  appears  to  have  been  represented  by  two 
species,  both  from  the  Sub- Himalaya,  and  one  of  which  has  been  named  H.  nva- 
lensis,  Sanitherium  is  another  genus  peculiar  to  the  Siwaliks,  and  is  represented 
only  by  8,  schlagintweiti,  of  which  three  fragments  of  the  mandible  are  known, 
two  being  in  Germany  and  the  third  in  the  Indian  Museum ;  all  three  are 
from  the  Panjab  and  Sub-Himalaya.  The  European  miocene  genus  Hyotherium 
is  represented  by  the  molars  of  one  species  from  Sind  and  Perim  Island,  which 
has  been  named  H,  sindiense ;  these  teeth  are  in  the  Indian  Museum.  Of 
the  selenodont  pig-like  animals,  we  have,  among  the  group  with  five  columns  on 
the  upper  molars,  two  species  of  Anthracotherium^  and  two  of  Hyopotamut. 
Of  the  former,  one  species.  A,  silistrensey  is  of  small  size,  and  is  known  by  three 
upper  molars,  and  parts  of  the  mandible ;  these  specimens  have  been  obtained 
from  near  Sylhet,  the  Panj4b,  and  Sind,  and  most  of  them  are  in  the  Indian 
Museum.  The  second  species,  H,  hyopotamoides,  is  of  large  size,  and  is  known  by 
an  upper  molar  in  the  Indian  Museum,  from  the  Bhugti  hills,  to  the  north  of  Sind ; 
some  mandibles  may  also  belong  to  this  species.  Of  Hyopotamusj  a  small  species, 
H,  palcBindiciu,  is  known  by  several  teeth  and  one  lower  jaw,  from  Sind,  in  the 
Indian  Museum;  the  molars  of  this  species  differ  somewhat  from  those  of 
typical  species.  The  second  species,  JJ.  giganteus,  is  known  by  an  upper  molar, 
and  by  some  specimens  of  the  mandible  from  the  Bhugti  hills,  now  in  the 
Tpdia^  Museum  ^  ;  the  upper  tooth  much  resembles  that  of  ArUhracoiherimm 
hyopotamoides,  and  with  that  species  forms  such  a  complete  transition  between 
the  genera  Anthraootherium  and  Hyopotamus  that  it  seems  highly  probable 
that  the  two  should  be  united.  Among  the  forms  characterised  by  having 
only  four  columns  on  the  upper  molars,  there  are  four  peculiar  genera,  each 
of  which  is  known  only  by  a  single  representative.  The  best  known  of  these 
is  Merycopotamus,  represented  by  M.  dUsimiliSy  a  genus  allied  to  the  hyopo- 
tamids  by  the  structure  of  its  teeth,  and  to  the  hippopotamus  by  the  form 
of  the  mandible  ;  this  species  has  been  obtained  from  the  Sub-Himalaya  and  the 
Irawadi  valley,  and  there  are  fine  series  of  its  remains  in  both  the  British 
and  the  Indian  Museums.  A  second  genus,  Uemimeryx,  is  only  certainly  known  by 
an  upper  molar  of  somewhat  similar  structure  to  the  molars  of  the  last  genus ; 
this  specimen  has  been  named  H,  hlanfordi,  and  was  obtained  from  Sind ;  it  is 
now  in  the  Indian  Museum.  Another  upper  molar  in  the  same  collection, 
also  from  Sind,  has  been  named  Sivameryx  sindiensts,  and  indicates  a  smaller 
animal  allied  to  the  above.  A  maxilla  with  the  upper  molars,  from  the  Ghuno 
hills,  presented  to  the  G-eological  Society,  indicates  another  small  animal  of  the 
same  group,  to  which  the  name   Chcsromeryx    silistrensis    has  been    applied. 

'  Casts  of  the  teeth  of  this  species  and  of  A.  kyopotamoides  will  be  found  in  the  British 
Museum.  The  names  of  these,  and  of  other  selenodont  Suina,  are  mentioned  here  for  the  first 
time,  the  memoir  in  which  they  are  described  being  still  in  the  press. 
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A  single  upper  molar  from  Sind,  in  the  Indian  Musenm,  belongs  to  the  American 
lamilj  OreodontidcB,  and  has  been  provisionally  referred  to  the  genus  Agrio^ 
tkotnu ;  it  seems  to  be  very  close  to  the  American  A.  IcUifrons, 

Among  the  true  ruminants  we  have  the  deer  family  represented  by  several 
imperfectly  known  species,  at  least  one  of  which  had  large  branching  antlers.  Of 
these,  Cemts  iriplidens  had  a  large  accessory  column  to  the  molars,  while  in 
(J.  nmplicidenSf  a  species  as  large  as  0.  kashmirianuSy  the  accessory  column 
is  much  smaller.  In  G.  sivalensis  the  molars  had  very  low  crowns.  The  genus  of 
the  fourth  species,  C.  latldensy  is  somewhat  doubtful.  Remains  of  these  species 
hftye  been  obtained  from  the  Pan  jab  and  the  Sub-Himalaya,  and  are  numerously 
represented  in  the  Indian  Museum.  The  genus  Dorcatherium  is  represented 
hj  the  two  species  D.  majus  and  D,  minuSf  of  which  there  are  teeth  in  the  Indian 
Museum,  obtained  from  the  Panjdb.  A  single  upper  molar  in  the  Indian 
Hnsenm,  from  the  Panj&b,  seems  to  belong  to  a  genus  related  to  PalcBomeryXp 
lor  which  the  provisional  name  PropaUeomeryx  sivalensis  has  been  proposed ; 
it  probably  connects  the  true  deer  with  the  giraffe.  The  family  Camelopardalidm^ 
irhich  is  taken  to  include  both  the  giraffes  and  the  sivatheres,  is  represented  by 
several  genera.  In  these  we  have  a  true  giraffe,  distinguished  as  Camelopardalis 
ifraZeiiM,  of  which  there  are  numerous  teeth  and  a  few  bones  in  the  British 
ind  Indian  Museums,  from  the  Sub-Himalaya,  the  Panj&b,  and  Perim  Island. 
A  species  of  Helladothertum,  not  distinguishable  from  H  duvemoyi  of  Europe,  is 
represented  by  a  single  cranium  in  the  British  Museum.  Of  four  genera 
peculiar  to  the  Siwaliks,  the  first,  Vishnutherium,  is  known  by  a  part  of  the 
mandible  from  Burma,  and  probably  by  two  upper  molars,  and  seme  bones 
from  the  PanjiLb,  all  of  which  are  in  the  Indian  Museum.  It  seems  to  come  the 
oearest  of  the  four  to  the  giraffe,  and  has  been  named  F.  iravaticum.  The  second, 
Hydaspitherium^  is  known  by  two  species,  of  which  H,  megacephalum  is  known  by 
a  skull  and  a  large  series  of  teeth  and  bones,  all  from  the  Panj^b,  and  now 
in  the  Indian  Museum ;  it  carried  a  massive  common  horn-base  above  the  occiput, 
from  which  the  horns  took  their  origin.  The  second  species,  H,  grande,  was 
larger  and  is  only  known  by  the  upper  molars  and  the  mandible,  all  from  the 
Panjdb,  and  tlott  in  the  Indian  Museum.  It  is  probable  that  a  cervical  vertebra 
from  Beluchistan,  in  the  collection  of  the  Geological  Society,  belongs  to  one 
of  the  above  species.  The  third  genus,  Bramatherium,  is  represented  by  B, 
ferimense,  of  which  the  skull,  teeth,  mandible,  and  some  of  the  limb-bones 
ire  known ;  this  species  carried  a  pair  of  horns  above  the  occiput,  and  a  large 
eommon  hom-base  on  the  frontals.  Its  remains  have  been  obtained  from  Perim 
Island,  and  the  one  known  skull  is  in  the  Museum  of  the  Royal  College  of 
Sorgeons,  the  upper  molars  in  the  British  Museum,  two  fragments  of  the  mandible 
in  the  Indian  Museum,  and  another,  with  the  last  true  molar,  in  the  Museum  of 
Trinity  College,  Dublin.  The  fourth  genus  is  the  well-known  Sivatherium 
represented  by  the  one  species,  S.  giganteum,  in  which  the  skull  was  furnished 
with  two  pairs  of  horns.  Remains  of  this  species  have  been  obtained  only  from 
the  Sub-Himalaya  eastward  of  the  Panjab,  and  the  British  Museum  possesses  a 
magnificent  series  of  them.  There  has  been  much  discussion  as  to  the  serial 
position  of  the  foregoing  forms,  Helladotherium,  with  the  giitkffe,  being  classed  bj 
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some  with  the  stags,  while  Stvatherium  and  the  two  preceding  genera  are  daased 
with  the  antelopes.  The  resemblance  of  the  teeth  of  all  these  animals  is,  however, 
80  close  that  it  seems  preferable  to  class  them  a.11  together  in  one  large  &mlj, 
connecting  the  deer  with  the  antelopes. 

Of  the  antelopes,  the  best  known  is  the  so-called  Anfilope  palceindica^  whieh 
seems  to  have  been  closely  allied  to  the  South  African  genus  Damialis  (Bonte-lx^, 
and  Sassaby),  and  should  probably  be  termed  D.  pcUcBtndica;  there  are  two 
skulls  in  the  Indian  and  one  in  the  British  Museum,  all  from  the  Sub-Himalaya. 
A  skull  from  the  same  locality,  in  the  Indian  Museum,  indicates  a  second 
species  of  antelope  closely  allied  to  the  living  Indian  A,  cervicapra,  which  baa 
been  named  A,  sivalen^is.  A  third  species,  A.  acuticomiSf  is  indicated  by  numer- 
ous hom-cores  from  the  Panjab,  in  the  Indian  Museum,  and  was  probably  a  kind 
of  gazelle.  A  fourth  species,  A,  patulicomis,  has  been  named  from  a  pair  of 
hom-cores  in  the  same  collection.  A  species  of  Portax  is  indicated  by  munerous 
teeth  and  a  fore-limb,  in  the  Indian  Museum ;  while  other  molars  in  the  same 
collection  not  improbably  belong  to  the  genus  Pal<Boryx,  of  the  Pikermi  beds. 
The  oxen  are  represented  by  numerous  species,  three  of  which  are  here  refened 
to  one  genus  under  the  name  of  Hemibos,  but  have  also  been  referred  to  two 
genera  under  the  names  of  Prohubalus  and  Amphibos  ;  the  group  is  closely  allied 
to,  if  not  identical  with,  the  living  Celebes  genus  Anoa^  which  has  been  referred 
to  it  under  the  name  of  Prohuhalus  celehenns.  The  first  species  of  HemQxM  is 
named  H,  occipitalis,  and  varies  considerably  in  the  form  of  its  hom-oores,  which 
are  sometimes  nearly  straight  and  triangular  in  section,  and  at  others  curved 
and  pyriform  in  section ;  another  variety  is  hornless.  There  are  fine  series  of 
the  skulls  of  this  species,  both  in  the  British  and  the  Indian  Museums,  all  from 
the  Sub-Himalaya.  The  second  species,  JJ.  antilopinus,  is  also  known  by  several 
skulls  from  the  same  districts.  The  third  species  H,  (Amphibos)  cusuticomis,  is 
a  long-homed  form,  and  is  also  represented  by  numerous  skulls,  from  the  Sub- 
Himalaya,  in  the  British  and  Indian  Museums.  Leptohos  falconeri  is  a  fourth 
form  of  ox,  which  was  in  some  cases  hornless,  of  which  there  are  several  crania  in 
the  British  Museum.  The  genus  Bubalus  is  represented  by  two  species ;  the  first 
of  these,  B,  platyceros  (sivalensis),  is  known  by  one  cranium  in  the  British  and 
another  in  the  Indian  Museum,  both  from  the  Sub-Himalaya ;  the  horns  were 
stout  and  concave  superiorly.  The  second  species  is  B.  poUceindicttSy  which 
occurs  also  in  the  pleistocene,  if,  indeed,  the  topmost  beds  of  the  Siwaliks  in 
which  it  occurs  should  not  be  referred  to  that  period  ;  this  species  is  evidently 
only  a  race  of  the  living  B.  ami,  and  is  very  probably  the  same  as  B,  pallasi 
from  the  pleistocene  of  Danzig.  One  skull  from  the  Sub-Himalaya,  in  the  Indian 
Museum,  belongs  to  a  species  of  Bubalus,  and  has  been  named  B.  sivalensis ;  it 
is  the  earliest  form  of  the  genus,  and  seems  to  have  been  allied  to  the  fossil 
European  B.  priscus.  Of  the  true  oxen  (Bos),  three  species  have  been  named,  viz., 
B.  acutifrons,  remarkable  for  its  enormous  horns  and  angulated  frontals ;  B.plani-' 
frons,  with  shorter  horns  and  flattened  frontals,  and  closely  allied  to  the  European 
B.  primigenius ;  and  B,  platyrhinus,  only  known  by  the  lower  half  of  a  skull 
of  which  the  generic  affinities  are  doubtful.  The  latter  specimen,  as  well  as  a 
skull  of  each  of  the  preceding  species,  are  in  the  Indian  Museum,  and  came  from 
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tlie  Sub-HinuJaya.  Species  of  Bos  or  allied  genera  are  indicated  from  Perim 
Idand  hj  molars  in  the  Mnsenm  of  Trinity  College,  Dublin. 

A  remarkable  hornless  snll,  of  comparatively  large  size,  from  the  Snb- 
Hiiiialaya,  in  the  collection  of  the  British  Museum,  has  been  described  under  the 
same  of  Bucapra  daviesi;  this  skull  comes  nearest  to  the  skulls  of  the  goats, 
while  the  molars  are  of  a  bovine  type,  and,  if  found  separately,  would  certainly 
have  been  referred  to  some  form  of  oxen.  There  is  evidence  of  three  species  of 
true  goats,  the  first  of  which,  Capra  sivalensis,  is  known  by  two  skulls  in  the 
BritiBh  Museum,  from  the  Sub-Himalaya,  and  is  considered  to  be  allied  to  the 
jhinJ  of  the  Nilgherries  {Hemitragtujemlaicus),  and  not  improbably  belongs  to 
the  same  genus.  The  second  species,  0.  perimensis,  is  known  by  a  portion  of  a 
ikon  in  the  Indian  Museum  from  Perim  Island,  and  was  probably  allied  to  the 
fifing markhoor  (Cfalconeri)  of  the  Himalaya,  though  the  hom-cores  do  not  show 
a  qiiral  twist.  The  third  species  is  unnamed,  since  its  hom-cores,  of  which  the 
Indian  Museum  possesses  numerous  specimens  from  the  Panj&b,  are  so  like  those 
of  the  markhoor  that  it  is  difficult  to  point  out  characters  of  specific  distinction 
with  the  materials  available ;  it  is  possible  that  the  horns  may  belong  to  older 
individuals  of  0.  perimentia.  It  has  been  stated  that  a  cranium  from  the  Sub- 
ffimalaya,  which  is  not  now  forthcoming,  belongs  to  the  living  Himalayan  ibex 
(0.  tibinca)t  butthis  determination  requires  confirmation,  although  it  is  highly 
likely  that  the  specimen  may  have  belonged  to  an  allied  species.  Another 
cnnium,  also  lost,  has  been  referred  to  the  genus  Ovis, 

A  species  of  chevrotain  has  been  determined  from  the  evidence  of  a  single 
upper  molar,  from  the  Panj^b,  in  the  Indian  Museum,  under  the  name  of 
TraguUu  iivalensis. 

The  camels  are  known  by  OameUu  sivaleruis,  which  presents  a  peculiarity  in 
the  structure  of  its  lower  molars,  connecting  it  with  the  llamas  (Auchenia)  of 
America.  RerfULinR  of  this  species  have  been  obtained  from  the  higher  beds  of  the 
Sub-Himalayan  Siwaliks,  and  are  well  represented  in  both  the  British  and  Indian 

Museums. 

The  remaining  orders  of  the  mammalia  are  only  represented  by  a  few  species 
d  rodents,  and  by  one  edentate.  Of  the  former,  a  species  of  rat  (Mus)  is 
indicated  by  some  incisors  from  the  Sub-Himalaya.  A  species  of  bambti-rat 
{BhtMomys  Bwalemis  *)  has  been  determined  on  the  evidence  of  three  specimens  of 
flie  mandible  from  the  Panjlflb  ZiOw  in  the  Indian  Museum.  A  porcupine 
{Sydrix  iivalensis)  is  known  by"^  part  of  the  cranium  and  the  mandible,  the 
farmer  being  in  the  British  and  the  latter  in  the  Indian  Museum ;  one  is  from  the 
Sub-Himalaya  and  the  other  from  the  Panj^b* 

The  edentates  are  known  by  one  species  of  pangolin,  Mania  sindiensia,  named 
oa  the  evidence  of  a  soHtary  phalangeal  bone  from  Sind,  now  in  the  Indian 
Xoaenm.  The  species  must  have  been  about  four  times  the  size  of  the  living 
Indian  If.  pentedcuiylua, 

Fleiatoeene, — Coming  to  the  pleistocene,  we  find  that  its  mftmrnikla  are  even 
\m  well  known  than  those  of  the  pliocene.  As  the  pleistocene  ossiferous  strata 
lie  distrilmted  in  patches,  very  frequently  in  the  valleys  of  the  great  rivers,  the 

'  Frobably  the  lame  sb  TgpAlodou  of  Fdconer. 
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remains  from  the  more  important  of  these  areas  must  be  treated  of  separately. 
The  most  important  areas  are  parts  of  Madras  and  the  Deccan ;  the  valleys  of 
the  Jamna,  Narbada,  Pemganga,  Krishna  (Kistna),  and  Godfivari,  with  their  nn- 
merons  tributaries,  and  the  plains  of  Hiindes  in  Tibet.  It  is  also  not  improbable^ 
as  already  mentioned,  that  the  topmost  strata  of  the  Snb-Himalayan  Siwaliks 
shonld  really  be  referred  to  the  pleistocene.  In  many  instances,  as  in  the  delta 
of  the  Ghinges,  it  is  difficult,  if  not  impossible,  to  draw  any  satisfactory  Une  of 
distinction  between  the  pleistocene  and  the  prehistoric  deposits.  The  presence 
in  any  stratum  of  the  remains  of  Hippopotamus^  or  other  gentus  not  now  found 
living  in  India,  is  considered  as  fair  evidence  for  assigning  such  deposit  to  the 
pleistocene. 

From  the  laterite  of  Madras  palsBolithic  implements  and  a  human  platycnemio 
tibia  have  been  obtained,  and  are  assigned  to  tiie  pleistocene. 

From  the  alluvium  of  the  E^rishna  valley,  in  the  Deccan,  a  part  of  the  dnill 
and  the  mandible  of  a  rhinoceros  have  been  obtained  and  described  under  the 
name  of  Ehinoceroa  deccanensis.  This  species  seems  to  be  more  nearly  allied  to 
the  living  African  and  the  pliocene  European  species  than  to  any  living  Indian 
form.  Bemains  of  an  ox,  not  improbably  Bos  namadicus,  have  also  been  ob- 
tained from  the  same  deposits,  and,  with  the  last-melitioned  specimens,  are  in  the 
Indian  Museum.  Certain  molars  of  the  pliocene  Madodon  pandicnis  from  the 
Deccan,  and  now  in  the  British  Museum,  were  not  improbably  derived  from  the 
same  deposits  in  the  upper  part  of  the  Krishna  basin. 

From  the  ossiferous  gravels  of  the  Narbada  palfloolithic  implements  of  a  rude 
form  have  been  found  associated  with  mammalian  bones.  The  carnivora  are 
represented  by  a  small  species  of  bear  (Ursus  namadicus),  of  which  there  area 
YnftT^llo-  and  a  tibia  in  the  British,  and  a  canine  in  the  Indian  Museum ;  and  a 
large  species  of  Fdis  is  indicated  by  the  distal  extremity  of  a  femur  in  the 
former  collection.  Of  the  Proboscidia,  there  is  Bttel^Tuis  namadieusy  ftbivrao- 
terised  by  its  prominent  frontal  ridge,  and  whose  molars  very  closely  resemble 
those  of  the  European  E.  antiquus^  from  which  resemblance  it  has  been  thought 
that  the  two  forms  may  belong  to  the  same  species.  The  Indian  species  has  also 
been  obtained  from  Japan.  There  is  one  fine  skull  in  the  British  Museum^  and 
three  skulls  in  the  Indian  Museum.  Stegodon  is  represented  by  8,  ganesa^  of 
which  there  is  a  fine  tusk  in  the  Indian  Museum,  and  very  probably  by  8.  insigniB. 
The  perissodaciyles  are  represented  by  Rhinoceros  indicus,  of  which  the  Indian 
Museum  has  two  molars,  and  by  a  litUe-known  extinct  form  to  which  the  num^ 
B,  namadicM  has  been  applied ;  there  is  a  scapula  of  this  species  in  the  last- 
named  collection.  There  is  also  a  species  of  horse,  UqvM  natnadicus,  which 
seems  to  be  a  survivor  from  the  Siwaliks.  Among  the  Artiodactyla  two  species 
of  hippopotamus  were  originally  described  under  the  names  of  Sippopotamvs 
namadictis  and  H.palceindious ;  the  former  having  six,  and  the  latter  four,  incisors. 
Specimens  in  the  Indian  Museum  seem,  however,  to  show  that  there  is  a  trans- 
ition in  these  respects  between  these  two  so-called  species,  and  all  the  remains 
have  accordingly  been  referred  to  H,  paUevndicus,  which  was  hexaprotodont  in 
some  individuals,  and  tetraprotodont  in  others.  The  pigs  seem  to  have  been  ropre- 
sented  by  Bus  gigarUeus,  another  survivor  from  the  Siwaliks.    Bemains  of  a  deer 
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^^[wrently  yeiy  close  to,  if  not  identical  with,  the  living  Indian  Gervu6  dwoattceUi^ 
hkje  been  obtained,  and  there  is  some  evidence  of  a  second  species.  Three 
species  of  oxen  have  been  described,  viz»,  Bos  namadicus,  a  species  showing  some 
tMidtj  to  the  Asiatic  genns  Bibos,  of  which  there  is  a  magnificent  sknll  in  the 
Indian  Mnsenm ;  Bubaltu  paloBmdieua,  also  occurring  in  the  topmost  Siwaliks,  and 
the  ancestor  of  B.  ami ;  and  Leptohoa  frazeri,  which  was  sometimes  hornless,  and 
is  represented  bj  some  fine  skulls  in  the  British  Museum.  A  species  of  nilghai, 
of  which  there  are  two  broken  crania  in  the  same  collection,  has  been  named 
ToHax  namadicus ;  it  is  distinguished  from  the  living  species,  among  other  cha- 
ncters,  bjr  the  horns  being  placed  nearer  to  the  orbits.  The  rodents  are  only 
knovm  by  some  incisors  in  the  Indian  Museum,  probably  belonging  to  a 
species  of  Mus. 

From  the  pleistocene  of  the  Jamna  valley  only  four  mammals  have  been 
specifically  determined  with  any  certainty,  viz,,  JSuelephas  naanadicus,  Bvhalua 
paiaindicutf  Hippopotiunus  palceindicus,  and  the  living  Antilope  oervicapra ;  the 
latter  being  known  by  a  single  hom-oore  in  the  Indian  Museum.  In  addition  to 
tiiese,  remains  of  a  species  of  SemnopUhecuSy  8ti8^  PortaXf  EqutUf  Mua,  and  of  a 
Ekinoceros  furnished  with  lower  incisors,  have  also  been  obtained.  A  tiger,  as 
krge  as  the  existing  spedes,  is  indicated  by  a  scapho-lunar  bone  in  the  Indian 
Mnaeum ;  this  species  was  very  probably  the  same  as  the  Narbada  form,  and  may 
Ittve  been  Feli$  tigris. 

The  pleistocene  of  the  Pemganga  valley  has  yielded  remains  of  Bos  noma- 
Xcus,  a  Portaxy  and  HippopokLmtis  paloeindicus. 

The  remains  from  the  CK>davari  deposits  have  not  been  satisfactorily  de- 
termined. 

The  horizontal  lacustrine  strata  of  Htindes  in  Tibet  formerly  classed  as 
Siwalik,  but  which  are  more  probably  of  pleistocene  age,  have  yielded  a  small 
number  of  mammalian  remains.  Among  these  is  a  tooth  referred  to  a  species  of 
JByomo.  Bones  belonging  to  some  form  of  horse  have  also  been  obtained,  among 
wliich  a  cannon-bone  in  the  collection  of  the  Geological  Sociefy  belongs  to  a 
tfedeB  of  Hippoiheriwn,  a  genus  elsewhere  unknown  in  the  pleistocene.  Several 
of  the  limb- bones  and  the  fragment  of  an  upper  molar  of  a  rhinoceros  are  also 
blown,  but  they  are  too  imperfect  for  specific  determination.  The  other  known 
feasils  belong  to  ruminants,  the  best  presei!rved  of  which  is  the  greater  portion 
of  the  skull  of  an  antelope,  provisionally  referred  to  the  living  Tibetan  genus 
PaniholopSf  under  the  name  of  P.  hundesiensis ;  this  specimen  cannot  now  be 
bond,  but  is  figured  in  Boyle's  '^  Illustrations  of  the  Botany  of  the  Himalaya 
Mountains."  There  is  also  a  skull  said  to  belong  to  some  genus  of  bovine  animal ; 
another  belonging  to  a  goat  resembling  the  markhoor  {Oapra  falconeri) ;  and  a 
palate,  in  the  collection  of  the  Geological  Society,  doubtfully  referred  to  a 
sheep  {Ovis). 

It  may  be  added  that  mammalian  remains  are  stated  to  have  been  obtained 
inna  a  cava  in  the  Kamdl  district  of  Madras ;  these  remains  have,  however,  never 
ben  described,  and  cannot  now  be  found. 

Frddstoric.'-^The  prehistoric  deposits,  as  already  said,  have  in  many  cases 
Aot  yet  been  satisfactorDy  separated  from  the  pleistocene,  and  the  very  local 
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ocoarrenoe  of  vertebrate  remains  in  the  former  renders  this  point  of  donbt 
not  likely  to  be  soon  cleared  np.  Any  old  allnvial  deposit  in  which  bones  of  < 
living  maniTnals  occur  is  here  provisionally  referred  to  the  prehistoric. 

Human  remains  and  neolithic  implements  have  been  obtained  in  the  t 
yium  of  the  plains  in  many  localities,  and  frequently  at  considerable  dista 
below  the  surface ;  the  former  are  generally  very  imperfectly  preserved  and  1 
never  been  carefully  examined.  Polished  celts  are  extremely  abundant  in  n 
places,  and  particularly  in  Burma  and  the  Banda  district  of  the  North- West 
vinces.  The  prevailing  types  are  elongated  forms  with  oval  section,  wedges, 
the  "  shouldered  "  form.  Among  the  mammals  specimens  of  the  teeth  and ; 
of  Maca^us  rhesus  from  the  alluvium  and  turbary  of  Ooalpdra,  in  Assam, 
from  Madras  are  exhibited  in  the  Indian  Museum,  those  from  the  foi 
district  being  in  a  highly  mineralised  condition.  Molars  of  the  Indian  elep 
occur  at  considerable  depths  in  the  alluvium  of  the  plains  and  of  Burma 
last  upper  molar  of  Rhinoceros  indieus,  in  the  Indian  Museum,  was  obta 
from  the  turbary  of  Madras,  and  indicates  the  former  extensive  range  of 
species.  It  may  be  observed,  in  passing,  that  the  range  of  the  other  speci< 
Rhinoceros  was  probably  much  more  extensive  than  at  present^  even  in 
historic  period,  because  it  has  been  inferred  that  the  species  killed  by  A 
on  the  banks  of  the  Indus  was  R.  javanicus  (S(mdaiou8)y  this  inference  I 
founded  on  the  improbability  of  its  being  possible  to  kill  R,  indicus  by  meai 
arrows,  with  which  Akbar's  animals  were  destroyed.  Bus  indicus  has  also 
obtained  from  the  turbaries  of  Madras  and  Calcutta.  Antlers,  horn-cores, 
teeth  of  undetermined  species  of  Bos  and  Gervus  have  been  obtained  fron 
alluvium  of  various  districts  in  the  plains,  and  from  raised  beaches  in  Kattia 
some  of  the  latter  deposits  being  probably  in  part  of  pleistocene  age. 

OeneraL — Of  the  mammalia  as  a  whole  it  may  be  observed  that  those  oi 
pliocene  are  characterised  by  the  great  number  of  forms  belonging  to  the  o: 
which  include  animals  of  large  corporeal  bulk.  Another  noticeable  point  ic 
admixture  of  genera  characteristic  of  modem  Africa  (Hippopotamus^  Orn 
pardalis)  and  other  parts  of  the  old  world  (Bos,  Oapra,  JJrsuSy  Equus,  etc. 
ob'gocene,  miocene,  and  pliocene  Europe  (Dinotherium,  Anthracothertumy  H 
theriwn,  etc.)  with  those  now  peculiar  to  Asia  (Euelephas,  Rhinoceros  [in  its  res 
ed  sense]  etc.).  Among  orders  which  have  now  diminished  extensively  in  nun 
in  India,  the  Proboscidia  stands  pre-eminent,  its  fourteen  Siwalik  represents 
having  now  dwindled  to  one.  The  perrissodactylate  Ungulata  have  also  dimin 
considerably,  the  modem  forms  inhabiting  India  and  the  adjacent  countries  1 
five  and  the  extinct  eleven  or  twelve.  The  artiodactylate  modification  has  pe: 
suffered  a  still  more  serious  diminution,  especially  among  the  pig-like  ftnimfL 
which  the  whole  of  the  selenodont  group  like  Merycopotamus  and  Hyopoi 
has  completely  disappeared,  while  their  congener,  the  hippopotamus,  is  now 
fined  to  Africa,  and  the  Indian  wild-boar  and  the  diminutive  terai  hog  {Poi 
are  the  sole  representatives  now  remaining.  The  ruminants  have  lost  their  1 
representatives,  either  entirely  (Sivatherium)  or  by  transference  to  Africa  (Ca 
pardalis^i  and  some  of  their  smaller  forms  are  considered  to  be  allied  to  £ 
Indian  (Hemiiragvs)  or  South  African  form  (Damalis)^  while  others  have  a 
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1»en  exchisiTely  Indian  (Portax).  The  diminution  in  nnmbeTs  of  the  ruminants 
cumot  be  clearly  indicated  owing  to  the  nnmbers  of  small  forms  now  existing 
when  analogues  cannot  be  determined  in  the  Siwaliks.  Similarly,  owing  to  the 
pcnrerty  of  the  remains  of  the  other  orders,  and  of  the  almost  total  absence  of  the 
miero-mammalia,  comparisons  cannot  be  instituted  between  the  numbers  of  the 
neent  and  fossil  species,  but  enough  has  been  indicated  to  show  that  modem 
India  has  only  the  impoverished  remains  of  a  once  extensiye  fauna  of  mighty 
forms.  Begarding  the  range  in  space  of  the  Siwalik  fauna,  it  is  probable  that  this 
was  once  yeiy  extensive,  as  we  find  some  of  the  species  ranging  as  far  as  China 
and  Japan,  and  it  has  even  been  suggested  that  one  species  (Hycmarctoa  sivcUensts) 
oocnis  in  the  pliocene  of  England.  Representatives  of  some  of  the  other  common 
Siwalik  or  Indian  genera,  although  considered  to  be  specifically  distinct,  have  also 
been  obtained  from  China  (e.^.,  Ohalicotheriumf  Bhinoceros,  Taptrus,  and  Hycma), 
It  may  also  be  observed  that  the  mammals  from  Sind  belong  mainly  to  European 
di{(Ocene  and  miocene  genera,  while  those  from  the  Panjdb  show  a  mixture  of 
miocene,  pliocene,  and  existing  genera;  the  two  latter  prevailing  more  extensively, 
M  we  proceed  eastward  along  the  Sub-Himalaya.  The  high  degree  of  evolution 
or  specialisation  of  many  of  the  genera  is  a  marked  feature,  and  one  strongly  con- 
finutive  of  their  pliocene  age.  Thus,  it  may  be  noticed  that  the  rhinoceroses  had 
lugli-crowned  molars,  and  that  in  one  form  the  incisors  were  absent  and  two  horns 
present ;  while  some  of  the  horses  had  reduced  their  digits  to  one  on  each  limb. 
The  pigs  had  well-developed  tusks,  the  deer  large  branching  antlers,  the  oxen 
wide-spreading  horns,  and  the  cats  (Machairodus)  huge  trenchant  fangs. 

In  the  pleistocene  the  majority  of  the  larger  forms  had  disappeared,  though 
i  few  of  the  extinct  genera  and  species  still  lingered  on.  Many  of  the  existing 
ipecies  were  already  in  existence,  or  were  represented  by  closely  allied  forms. 
Paleontological  history  is,  however,  still  silent  as  to  the  origin  of  some  of  the 
larger  ^-rigfa'Tig  mammals,  like  the  Indian  elephant.  Some  new  forms  (e.^.,  Bos 
umadteui),  which  cannot  be  directly  traced  back  to  pliocene  ancestors,  seem  to 
haye  appeared  and  to  have  died  out  again  before  the  prehistoric. 

In  ^e  latter  period  aU  the  mammals  seem  to  belong  to  existing  species, 
although  the  range  in  space  of  some  of  them  was  more  extensive  than  at  present. 


SYSTEMATIC  CHRONOLOGICAL  LIST  OF   SPECIES. 

A.— ANTHROPOZOIC. 

a.— P&IHIBTOBIO. 

MAMMALIA    .         .  Pbimatis  •        •    Homo  (?  sapient,  Lin.> 

Macacuf  rhesus  (F.  Cut.). 
Pbobosoidia  .  .  Enelephas  indicns,  Linn^. 
UhovulTA  .         .    Rhinooeroe  indicus,  Cnvier. 

Sos  indicus.  Gray. 
Germs,  sp. 
Bos,  sp. 
HSFTILIA  .  Chbloitu  •        .    Oen.  non  dit. 
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^.-^PUZBTOOXirB. 


KAMMALU    . 


Pbucatm 


Pboboboidia 


TJXQVLMXA 


BEPTILIA 


ROBIimA 

.  Cbooodilia 
Chblohia 


HoiiMii  sp, 
Sraaiiiopitliociii^  ip. 
Ursvf  luuiiAdiciu,  F.  &  C 
Hysana,  sp. 
Felis  (?  tigrU,  Lin.). 
Eaelephas  nsmadiciu,  F.  &  (X 
Stegodon  ganeM,  F.  &  C. 
(P)  iniignis,  F.  A  C. 

Mastodon  pandionis,  Fala. 
Rhiooceroa  deccaneoBii,  Foote. 

indicus.  Cut. 
■  — namadicus,  F.  A  C» 

——•p. 
£qniis  namadioiis,  F.  &  C. 
Hippotheriam,  ep. 
Sua  giganteoa,  F.  &  C. 
CervoB  (?  duTaaoeUi,  Cuy.). 
Bubalua  palflundicnsy  F.  A  C. 
Bos  namadicOBy  F.  A  C. 
Lepfcoboa  f raieori,  RCit. 
Portaz  namRdicns,  R&t. 
Antilo^  oenrioapra,  Pallaa. 
Pantholopi  (?)  hoDdemeniia,  Lyd. 
Oapra,8p, 
OWa,  (?)  sp. 
Mna,  gp. 

Crocodiltta,  (?)  gp. 
Fangsbnra  tectum  (Bell). 
Batagnr  (?  dhongoka,  Biyth). 
Trionyz  (?  gangeticti8,CaT.). 


B.— THBRIOZOIC. 


a.--PLiocBirB  \ 


MAMMALIA    •        .  Pbiicatbs  • 


Cabniyosa 


Palnopithecus  givalensia,  Lyd. 
Macacua  givalengia,  Lyd. 
—  gp. 
Semnopthecus  (?)  gub-himalayanus,  Myr. 

gp. 

Felig  crigtata,  F.  A  C 

ap. 

Machairodug  aivalenaig,  F.  A  C. 
PgeudfBlurug  givalensig,  F.  A  C. 
Ictitherium  givalenae,  Lyd. 
Viverra-bakeri,  Boae. 
HysBua  givalengig,  F.  A  C. 
CaniB  curvipalatua,  Boge. 
—  oautleyi,  Boge. 
t  Ampbicyon  palsandicna,  Lyd. 
Ursug,  gp. 


>  The  forms  of  tbe  earlier  plk>cepe  arc  piarked  by  a  cro«  (f). 
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OfALIA    .        .  Cabhitobi 


Pbobobozdxi 


UveULlTA 


HysBnarctos  Bivalent  F.  &  C. 

pAleindicos,  Ljd. 

MelliTon  uvalensis,  F.  &  C. 

Mdesysp. 

Lutrs  palsindica,  F.  &  C. 

sp. 

Enhydriodon  siyalensis,  F.  &  C. 
•    Eofilephas  hyradrioas,  F.  &  C. 
Lozodon  planifrons,  F.  &  C. 
Stegodon  gmoen,  F.  &  C. 
. iDtignis,  F.  &  C. 

■  bombifroiifl»  F.  &  C. 
clif  ti.  F.  &  C. 

t  MMtodon  latideniy  Glift. 

■  Bvalenib,  F.  &  C. 
f  — — ^—  perimensiB,  F.  &  C. 
f  I.  pandioDis»  Falc. 

f  — ^  falooneri,  Lyd. 

t  Dinotheriom  smdieniey  Lyd. 

t  — — ^—  pentapotamie,  Falc. 

.  indicam,  Falc. 

.  t  Chaliootheriam  tiyalense^  F.  &  C. 

Bhinoceroa  palanndicufl}  F.  A  C. 

.  platyrhiniu,  F.  &  C 

f  —  nvalenns,  F.  &  C. 
t  Acerotherium  perimenie,  F.  &  C. 

LUtriodoD  pentapotamisB,  Falc. 

i  theobaldi,  Lyd. 

(?)Tipiniaip. 

Sqnos  nralenns,  F.  &  C. 

namadiciM,  F.  &  C. 

Hippotherinm  antilopinnin,  F.  &  C. 

. theobaldi,  Lyd. 

Hippopotamus  irayaticosy  F.  &  C. 

■  rivalensifl,  F.  &  C. 
Tetraconodon  magDom,  Fblc 
Sub  giganteoB,  F.  &  C. 

f  —  hyradricus,  F  &  C. 
—  pnnjabieiuds,  Lyd. 
Hippohynt  •ivalenniy  F.  &  C. 

■  '  '  ip. 

flanitherium  schlagmtweiti,  Myr. 
t  Hyotherinm  tmdieiiBe,  Lyd. 
t  Anthiaootberinm  silistrense  (Pent). 

t  — : =-  hyopotamoides,  Lyd. 

t  Hyopotamiu  palsindicns,  Lyd. 
t  gigantem,  Lyd. 

Merycopotamus  diuimiUs,  F.  &  CL 

Chceromeryz  silittrensu  (Pent), 
t  Hemimeryz  blanfordi,  Lyd. 
t  Sivameryz  nndienaisy  Lyd* 
t  AgriocboBroB,  (?)  sp. 

CeiniB  tripUdeite,  Lyd. 

■  BifakiiBiB,  Lyd. 
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•  UveULAXA 


AYBS 


Bqdivtu 


fiiOnrTATA 
.  Cabihatjb 


BEPTILU 


RlTITJB     . 


•  Cbooodhia 


IilOlBTIIIA 

Ophidu  . 
Chuqvia 


•    Cerra^  simpliddeni,  Ljd. 

(?)  latideni,  Lyd. 

Dorcfttherinm  nugas,  Lyd. 
'  miniu,  Lyd. 

Propalsomeryx  8iTaleiuii»  Lyd. 
Camelopardalif  avalenns,  F.  &  C. 
Hdladotherimn  daTernoyi,  Wag. 
Vishnatheriiim  intTAtioain,  Lyd. 
HydAspitherium  grander  Lyd. 
— ^—  m^gaoepbalnm,  Lyd. 
Sivatherinm  giganteam,  F.  k  C. 
Antilope  (P  Damalis)  palaindica,  F.  &  C. 

—  patnlioornii,  Lyd. 

—  (P  QaielU)  porroetioomi^  Lyd. 

■  riTalentia,  Lyd. 
Falnoryx,  (P)  ip. 
Portax,  ip. 

Hemiboa  oooipitalSa,  Falc. 

■  acntioornii,  Fale. 
— -    antilopiiiiia,  Fale. 
Leptobof  falooneri.  But. 
Bubalns  platyoeroi,  Lyd. 

—  palnindiciia,  F.  &  C. 
Biaon  aivalensia,  Falo. 

Boa  acatifroiia»  Lyd. 

—  pUnifroiis,  Lyd. 

— -—  (P)  platyrhinaa»  Lyd, 
Bacapra  daTieai,  Biit. 
Gapra  (P  Hemitragiu)  iivalenaisy  Lyd. 
— —   perimenaiB,  Lyd* 

»p. 

Oris,  (P)  ap. 

Tragolos  aifalensia,  Lyd. 

Camellia  aivalenaia,  F.  &  C 

•  Mm,  sp. 

Bhizomya  dralenaii,  Lyd. 

Hyatrix  aiTalensiBs  Lyd. 
.  t  Mania  aindienaia,  Lyd. 
.     Gracalas,  (P)  ap. 

Pelecaima  oauUeyi,  Dav. 

■  (P)  BiTalenaia,  Dar. 
Megaloacelomia  aivalenau,  Lyd« 

t (P)  sp. 

Argala  falooneri,  M.  Ed. 

•  Strathio  aaiaticna,  M.  Ed. 
Drommia  aivalenaia,  Lyd. 
Gen.  N<m  del, 

•  Crocodiloa,  paloatria,  Leaa. 
Qharialia  gangeticna,  Gmel. 

■  leptodoa,  F.  &  C. 
t               >  oraaaidena,  F.  &  C. 

Varanoa  aiTalenaia,  Falc. 
.  t  Python  (P  molnrnay  Lin.). 
.     OoloMochelyi  attai,  F.  &  C. 
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EPTILIA 


Cxnoiru 


ISCSS  . 


UMVALIA    . 
tXPTILIA 
lUPHIBIA      . 
18CES  . 


SLABHOBKANOHn 


TniOBTBI 


(AMMALU    .         .  UvauLATA 


.  Uirei7LATA 

.  Cboooduja 

Cmiiovia 
.  AirpusA 

•  ELA8X0BB4V0HII 
TlUOBTII 


.      Tertodo  (P)  5.  sp. 

Bellia  sivalensiB,  Theo. 

flp. 

Damonia  hamiltoni.  Gray. 

£my>,  8p. 

Cantleya  annnliger,  Tbeo. 

Puigshara  tectam  (Bell), 
t  Batagur,  sp. 
t  Trionyx,  sp. 

Emyda  vittata,  Pet. 

Carcharias,  gp. 

Lamna,  sp. 

Bagarias  yarrelli,  Syk. 

Arias,  sp. 

Qen.  non.  dei, 

6. — MiooKirx. 

Rbinoccroe  sivaleDsis  v.  gajensis,  Lyd. 

e. — EooBiTB. 

.     (?)  PnlsBotherinm,  sp. 

Artiodactyle,  gen.  uon  dei. 
.     Gen.  non  det, 
.     Hydraspis  leithi,  Carter. 
.    Ozyglossas  pnsillos,  Owen. 

(?)  sp. 

.    ICyliobatis,  sp. 
.    Diodon  foleyi,  Lyd. 

CapitodoB  indicos,  Lyd. 

Gen.  MOfi  det. 


BPHLIA 


3CS8  . 


O.— 8AUR0Z0IC. 
«. — Cbbtaobofs. 


DiKOfAXmiA 


Cbooodiua 
Chblonia 

ICHTHTOfAITBIA  . 
ELABJCOBBANCHn 


MegaloBaams,  sp. 
Titanosanms  blanfordi,  Lyd. 

indicus,  Lyd, 
Gen.  noH  det. 
Gen.  non  det. 
Gen.  non  det, 

Ichtbyosanms  indicns,  Lyd. 
Coras  incisus.  Eg. 

pristodontns,  Ag. 
Enchodos  serratus.  Eg. 
Lamna  complanata.  Eg. 
■  sigmoides,  Eg. 

Odontaspis  constrictas.  Eg. 

. oxypeion,  Eg. 

Otodos  basalis.  Eg. 

divergens.  Eg. 

marginatus,  Eg. 

minntns.  Eg. 

nanus.  Eg. 
•  lemiplicatiii,  Eg. 
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PISCES  . 


Elasxobbabohu 


Gakoidbi 


Oxyrhina  triangnlaris,  'Eg, 

sp. 

Ptycbodos  latiBsimiu,  Ag. 
SphyrsBDodns,  (?),  sp. 
IN^cnoduB  (P),  sp. 


d.—JirBA-TBZAB. 


BEPTILIA 


AMPHIBIA 


PISCES    . 


PISCES  . 


•  DnrosAUBiA 
Cbogoduja 


Laobbtilia       • 

DlOYVODONTIA    • 

Plbsiosaubia    . 

LABTSOTTHODOZmA 


.  Gakoidbi 


Ankistrodon  indicus,  Hnx. 
Qon.  non  dei.  (Chari  gp.). 
ParasochuB  hialopi.  Has.  Mas. 
Gon.  no»  det,  (Rewab,). 
Hyperodapedon  huxleyi,  Lyd. 
Dic^odon  orientalu,  Hnx. 

sp. 

PleaioBannu  indicns,  Lyd. 
Brachyops  laticepa,  Owen. 
Gonioglyptns  longirostriB,  Has. 
— — — huxleyi,  Lyd. 
Glyptog^athns  fragilifl,  Lyd. 
Pachygonia  inonrvata,  Hoz. 
Archegosaurus,  (P),  ap. 
Gen.  not!  det 
•         •    Ceratodua  ^  hialopiaiiiis.  Old. 
— ^—  hanterianna.  Old, 
— ^—  virapa,  Old. 
Dapediua  egertoni,  Syk. 
LepidotuB  breYicepa,  Eg. 

-  calcaratns,  Eg. 
■  deccanenib,  Eg. 

■'■  longicepB,  Eg. 

pachylepU,  Eg. 

Tetragonolepis  analis,  Eg. 

■  oldhami.  Eg. 

rugOBos,  Eg. 

Gen.  nondet. 

D.— ICHTHYOZOIC. 

Cabbohubbous. 

Sigmodna  dnbioB,  Waag. 
PcBcilodnB  paradoxnB,  Waag. 
PliephodnB  indicoB,  Waag. 
Sanrichthys  in^cna  (P),  De  Eon. 
Helodopsis  elongata,  Waag. 
'  abbreviata,  Waag. 

PsammodoB,  Bp. 
Petalorhyncbus  indicus,  Waag. 
XystracanthuB  g^raciliB,  Waag. 

major,  Waag. 

giganteuB,  Waag. 

TbaumatacantliQs  blanfordi,  Waag. 
AcrodaB  flemingi,  De  Koo. 
— ^—   sp. 

1  Following  Profenor  Miall  (**  Monograph  of  the  Sirenoid  and  Crossopterygian  Ganoids, "  PalooBtofrapl 
Society,  1878),  the  order  Dipnoi  is  merged  with  tho  QanoideU 


•  Gakoidbi  . 


ELASXOBBAKOHn 
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ALPHABBTICAL  AND   STNOPTIGAL  LIST   OF  SPECIES, 

ARRANGED  IN  GLASSES'. 


CT.AB8  I.— PISCES. 

Aoodin  fleming^  De  Eon 

•    Salt-range 

.    Garboniforoos. 

•               w                       • 

•            » 

Arioi 

.     Pai\]£b  and  Sind 

.    Pliocene. 

}  B^uiu  jwreHi,  Sykes      .... 

.    Sab- Himalaya 

.    Higher  pliocene. 

Piwtehdms  hagarioi,  Syk. 

Oipitodiif  indiciii,  Lyd.      .... 

.    Panjdb   . 

.    Eocene. 

Ckrehariai,  tp. 

Bnrma    . 

.    Higher  pUocene. 

Coitodiif  bldopiaiiiif.  Old. 

.    Maleri    .         • 

.    Trias-jnra. 

•         w          •          • 

•           f» 

▼irmpa*  OM 

.              M                •                • 

•           » 

Gonz  iodiai^  Eg. 

.    Trichinopoli     . 

.    Cretaceous. 

^— ^  pristodontos*  Ag.      .        •         .         . 

.    Trichinopoli  and 

Europe 

•           $» 

Dtpedim  egertoniy  Syk 

.    Kota      . 

.    Trias-jnnu 

Diodon  foleyi,  Lyd. 

.    lUmriand  Andan 

lans    Eocene. 

Snebodni  lemtiia.  Eg 

.     Trichinopoli    • 

•    Cretaceous. 

•  Hdodopiii  abbreviata,  Waag.      . 

,    Salt-range 
•            »»              • 

.    Carbonifaroos. 

•                    9» 

Lnma  complanata.  Eg 

.    Trichinopoli     • 

.    Cretaceous. 

•            »>              • 

•           t» 

Borma    . 

.    Higher  pliocene. 

Upidotoi  brericepa.  Eg 

.     Kota      . 

.    Trias-jura. 

■             calcaratof ,  Eg.    ..... 

»        »>         •         • 

•           » 

•        »         •         • 

•                n 

»        »»         •         • 

•                »> 

i»         •         • 

•                >» 

Mjliobatii,  sp. 

.    Panjib  . 

.    Eocene. 

Odontaipia  oooatrictiu,  Eg. 

.    Trichinopoli     . 

.    Crctaccons. 

■ (xzypeion.  Eg.    .... 

f*               • 

•            »» 

Otodoi  baaalia.  Eg. 

»»              • 

•            >» 

■         diveigena.  Eg. 

»f               • 

•                 n 

-         marginatua.  Eg,     •         •         .         • 

»            »               • 

•                 f> 

n                  • 

•                      M 

-         oaniiBp  Eg. 

»                  • 

•                  » 

— —  wmiplicatuB,  Eg.   •         .         •         .         , 

n                  • 

•                 l» 

(hyrluiia  triangolariB,  Eg.           .         •         •         « 

H                  • 

•                 » 

w                  • 

•                        M 

Betebrhynehna  indicua,  Waag.  .         •         •         • 

Salt-rango 

•    Carboniferous. 

PcBeik>diif  paradoxuBt  Waag.      •         •         •         • 

M                          • 

•                       9t 

n                   • 

•           »i 

hiphodm  indicnB,  Waag 

>»                    • 

•           »• 

^ehodoa  latiaamua,  Ag 

Trichinopoli  and 

Earope         • 

•    Cretaceous. 

P^enodns,  (?)  ap 

Trichinopoli    • 

•            »» 

8iaricbthTaindicaB(P),DeKon 

Salt-range 

.     Carboniferous. 

*Sgmodwdabiiu,  Waag. 

»>     •         • 

•            »f 

SphjnBiiodaa,  (?)  ap 

Lameta  gp. 

•    Cretaceous. 

*  8|iMii|iM  (of  which  onlj  the  more  important  arc  RiTcn)  are  in  italics;  liring  vpooicsarcindicatcd  by  t  doable 
^'^tt)!  lad  tail  goners  peculiar  to  India  or  Durma  by  an  ostcrisli  (*). 
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Tetragonolepis  analis,  Eg. 
^— — —  oldbami.  Eg, 

mgosofl.  Eg. 

*  Thaamatacanthus  blanfordi,  Waag. 
Xystncanthiif  giganteof,  Waag. 

— gracilis,  Waag.     . 

migor,  Waag. 


Arcbegotannu,  (?)  sp. 

*  Brachyopa  laticepa,  Owen. 

*  Gljptognathos  fragilis,  Lyd. 

*  GoniogljptoB  huxleyi,  Lyd. 

*  longirofltrif.  Has. 

Oxyglossns  pusillus,  Owen 

{Rana  puiUla,  Owen) 
(?)  sp.      . 

*  Fachygonia  incorvata,  Uux. 


Kota 

TriM^jnrm. 

••          •         • 

•            » 

M                   •                 • 

Salt-range 

.    CSarboniferooa. 

»> 

M 

»     •         • 

•                      t» 

>»     •         • 

» 

9IBIA. 

Bijori  gp, 
MangH 
Panchet  gp.     . 

.    Triaa'joim. 

m 

>f 


l» 


Bombay  . 


ti 


Pancbet  gp. 


Class  III.— REPTILIA. 


*  Ankistrodon  indicns,  Haz. . 
X  Batagar  (P  dbonkoka,  Blyth) 
Bellia  sivalensis,  Theo. 
sp. 


*  Caatleya  annnliger,  Theo.   . 

*  Colossochelys  atlas,  F.  &  C. 


Pkincbet  gp. 
Narbada 
Panj^b  . 
»• 

Snb-Himalaya  and 

Burma 
Snb-Himalaya  and 

(?)  Narbada. 
Snb-Himalaya 


joim. 


IVits-jom. 
Pleistocene. 
Higher  pliocene. 

M 
M 


Higher  pliocene  i 

(P)  pleistocene 

Higher 


Triaa-jem. 
Higher  pliocene. 


M 


Pliocene. 


X  Crocodilas  palostris,  Less.  .... 

(C  bombi/rotu.  Gray.) 
X  Damonia  hamiltoni,  Gray    .... 
{Emjft  hamiltonoidei,  Pale.) 
(Damonia  hamilionaides,  Fal6.) 
Dicynodon  orientalis,  Unx.  ....    Panchet  gp.     . 

(Ptffehognathut  arUntalu,  Hnz.) 

X  Emyda  vittata,  Peters Snb-Himalaya,  &c. 

(JS.  oeylonenaiM,  Gray.) 
jLmys,  sp.  ....••.•  ,y 

X  Gharialis  crassidens,  F.  &  C        ,         .  Sub-Himalaya  and 

(Croeodilut  eratsidetu,  F.  &  C.)  Sind   . 

{Leptarhynchui  crassidens,  F.  &  C.) 

X  '  gangeticus,  Gmel Snb-Himalaya,  Bnrma, 

(Lepiorhynchus  gangeticus,  Gmel.)  Sind,  and  Perim.  „ 

leptodns,  F.  &  C.  Sub-Himalaya,  Bnrma, 

(Lepiorhgnchus  leptodus,  F.  &  C.)  Sind,  and  Perim 

Hydraspis  loithi.  Carter Bombay . 

(Tesiudo  leithi,  Carter.) 

Hyperodapedon  huxleyi,  Lyd Maleri     and     South 

Rew£  .  .    Trias-jnra. 

Ichthyosaurus  indicus,  Lyd Trichinopoli  .    Cretaeeons. 

Meg^osaurus,  sp. TriehiDopoli  and 

Lameta  gp.  .  ,, 

X  PUkgshora  tectum.  Bell Sub-Himalaya    and     Higher  pliocene 

{Emgs  ieefnm.  Bell).  Narbada.  plditocene. 
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*  FuMQchiis  hidopi,  Huz. 

(?),»p.  . 


FlenoMkaniB  indtcos,  Ljd.  . 
{  Python  (?  molnras,  Lin.)    . 

Tettndo,  »p,  var. 
*  Titanosaorofe  bUnfordi,  Lyd. 

indicns,  Ljd. 

{  Trionyx  (?  gangeticn^  Cnv.) 

^— —  sp. 

Yanniif  nralensiB,  F.  &  Q, 


Maleri     . 
Denwa  gp. 
Umia  gp. 
Paiijib  and  Bind 
Sub- Himalaya 
Lameta  gp. 

Narbada 
Sub- Himalaya 


M 


Class  IV.— AVE9. 


Azgala  £alooDeri«  M.  Ed. 

{Leptoptilut  falconeri  [M 
Dromoens  sivalensis,  Lyd.    . 
Gracalns  (?),  sp. 

MegaloKelomiB  BiTalensis,  Lyd. 
Fdecanns  cantleyi.  Day. 
'  '  (?)  rivalensig,  Dav. 

Stnithio  asiaticus,  M.  Ed.    . 

(8.  palmndicfu,  Falc.) 


Bd.]) 


.    Trias-jura. 


9> 


Jnra. 
.     Pliocene. 
.     Higher  pliocene. 
.    Cretnceous. 


n 


.    Pleistocene. 
.    Higher  pliocene. 


» 


.     Sub' Himalaya 

Higher  { 

•              f>                       * 

»               » 

.              »»                       " 

» 

•              »>                       " 

•               >* 

»                       ' 

M 

•              tt                      " 

W 

» 

It 

Panjab,  Burma,  Perim, 
and  Sind 


Class  V.— MAMMALIA. 

Aoffotheriom  perimense,  F.  &  C. 

{Rkinoeerot  iravaiicus,  Lyd.) 

( perimenfis,  P.  &  C.) 

(— —  planidemt,  Lyd.) 
igriochcBnu  (?)......    Sind 

imphicyon  palseindicus,  Lyd.      ....    Panj^b  and  Sind 


ADthraootherimn  hyopotamoides,  Lyd. 
*■  rilistrense.  Pent. 

{Ch^Brametyx  nlistrensis.  Pent.) 
{Rhagatherium  7  iindiente,  Lyd.) 
{A.  pmnjahiense,  Lyd.) 
}  Aotilope  eerricapra,  Pallas) 

(A,  beMoarciica,  Aid.) 
«■  paUeindica,  F.  &  C. 

{Damalis  (?)  palaindica,  F.  &  C.) 
^■^— —  patnlicomis,  Lyd. 
— —  porrecticomiB,  Lyd. 

{QazeUa  •(?)  porreeiiewmiat  Lyd.) 

Bbon  nralensis,  Falc 

Bos  acnUfrona,  Lyd 


Bhiigti  hills     . 
Sind,  Qiio  hills,  and 
Pai\]&b 


I  Jamna    . 

«  Sub-Himalaya 

•  »» 

•  »» 
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—    namadicoa,  F.  &  C Narbada,  &e. 


^-    planif  rons,  F.  &  C.  • 

—  platyrhinns,  Lyd. 

—  {j)  fp.         .         •         .         . 
Brmmatheriwn  perimense,  Falc.   . 

{Sivatherium,  sp.,  Owen.) 
Bobalos  palaindicus,  F.  &  C. 


Sub- Himalaya 


>» 


Perim 
» 


platycerof,  Lyd.^   . 
(B.  nvalemU,  Biit.) 


Sub-Himalaya,  Nar 

bada,  &c, 
Sub-Himalaya 


Pliocene. 


Earlier  pliocene. 
Pliocene. 
Earlier  pliooeae. 


Pleiatocene. 
Higher  pltocone. 

»> 

M 

»> 
M 

Pleistocene. 
Higher  pliocene. 

f» 

»• 

» 

Higher  pliocene  and 

pleistocene. 
Higher  pliooene. 
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*  Bacapra  daviesi,  Bfit.         • 
CamelopardaliB  siyalonsis,  F.  k  C 

(C.  afflnia,  F.  &  C.) 
Cameliis  nvalensis,  F.  &  C. 
Canis  cantieyi,  Bo0e. 
*^—  conripalatos,  Bose.    • 
Capra  perimensifl,  Lyd. 

BiTalenuB,  Lyd. 

{Hemiiragua  HvaleuM, 

Bp.  ... 

sp.  .         .         • 


{  CervuB  (P  dnyauoelli,  Cxxv.) 

■  (P)  latidens,  Lyd. 

■  drnpUddeoB,  Lyd.  , 
I  sivaleDBiB,  Lyd. 

■  triplideiiB,  Lyd. 


Sub-Himalaya 
Sub-Himalaya  aud 

Perim  • 

Sub-Himalaya 


» 


Lyd.) 


Perim 
Sub-Himalaya 

Tibet      . 


Narbada 
Sub-Himalaya 


M 

H 


Chalicotherium  BivaleuBe,  F.  &  C. 

(Anoploiherimm  nvalenae,  F.  &  C.) 
(NestorUkeriftm  aivalenMe^  ^"firO 

Choeroneryx  silistxensiB,  Pent. 

(Anthracotheriwrn  tilistrense.  Pent.) 

Dinoiherium  iodicum,  F.  &  C.      . 

^ pentapotamisD,  Falc 


Sub-Himalaya  aud 
Siud  .         • 

Gdro  hills 

Pu\j£b  and  Perim 
Panj^b,  K&ch,  aud 
Sind   . 


aiadiense,  Lyd. 


f* 


Dorcatherium  majus,  Lyd. 

(Meryeopotamu8  namut  Falc.) 
.  —  minus,  Lyd. 

*  Bnbydriodon  ferox,  F.  &  C.  .         . 

(J7.  nvaletuis,  F.  &  C) 

(Atnyxodon^  F.  A-C) 
Equus  namadicuB,  F.  &  C.  .         .         . 

(E.  palcMwiu,  F.  &  C.) 


Faij&b 


n 


nyalensiB,  F.  &  C.  . 


X  Euelepbas  indicuB,  Lin.      .         .         • 
{Elephas  indietis,  Lin.) 

■  bysudricus,  F.  &  C. 

(Elephtu  hy9udrieu9,  F.  k  C.) 

-^— —  namadicuB,  F.  &  C.)     . 

{Blephaa  nomadieus,  F.  &  C.) 

Fells  cristata,  F.  &  C. 

{F,  grandiori9t€U<iy  Bose.) 
(F,  paUBoHffris,  F.  &  C.) 
(Uueia  crUtatti,  Cope.) 

"P 

J (P  tigris,  Lin.)  .... 

Helladotherium  duvernoyi,  Wag.  . 

*  HemiboB  acuticomis,  F.  &  C. 

(Ampkiboi  aeutieomit,  F.  &  C.) 
{Leptobos  aeuticorms,  Falc.) 
I     antilopinus,  F.  &  C.)     . 

{Ampkiboa  antilopinw,  F.  &  C.) 
(Leptoboi  antilopinus,  Ftilc.) 


Sub-Himalaya 


Sub-Himalsya  and 
Narbada 

Sub-Himalnya  and 

(P)  Perim       , 
Pli^ns  and  Burma 
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Higher  pliocene. 
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•t 

]• 
M 
M 

W 

M 


Pldstocene  (?). 
Higher  pliocene. 


Pliocene. 


Higher  pliocene. 


M 


Pliocene. 
Higher  pliocene. 

M 


Higher     pliocene 
and  ploistoceue. 

Higher  pliocene. 
Prehistoric 


Sub -Himalaya  .    Higher  pliocene. 

Narbada,  &c   •         .    Pleistocene. 


Sub-Himalaya 


Higher  pliocene. 


>l  •  $9 

Jamna  and  Narbada .    Pleistocene. 
Sub-Himalaya  .    Higher  pliocene. 
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Hemibos  occipitalis,  Falc. 

{H,  triquHriceroi,  F.  &  C.) 
(Bos  oeeipiiaUM,  Falc.) 
{Leptohot  triquetrieomis,  Falc.) 
(Peribos  oeeipitalis,  Lyd.) 
iProbubaUu  iriquetrieomi*,  R^t.) 
*  Hemimeryx  blanfordi,  Lyd. 

Hippopotamiis  iravaticns,  F.  &  C. 

(SiexiMproiodam  iratoHem,  F.  &  C.) 

— — ^—  paUeindicns,  F.  &  C. 

(.ffttrajTrotoc^  namadieua,  F.  &  C.) 
(£fp>popo^affMw  «afl»a<iicM«,  F.  &  C.) 
(in^aprofcxfoii  paUeindieut,  F.  &  C.) 

riyalenBiB,  F.  &  C.) 

(Hexaproiodon  nvalensis^  F.  &  C.) 
*  Hippohyns  ai?al6iiaiB,  F.  &  C      • 
sp. 


Sub-HhualayTi . 


Higher  pliocene. 


Hippotherinm  aDtilopinam,  F.  &  C. 

{EqwuM  antildpinMs,  F.  &  C.) 
{R.  graeiU,  Myr.) 
theobaldi,  Lyd. 


{Sivalhippui  theobAldi,  Lyd.) 
(£r.  graeiU,  Myr.) 
sp. 


*  Hydaapitberinm  grande,  Lyd. 

mcgacephalam,  Lyd.  . 

(.fir.  lepiognaihus,  Lyd.) 
Hyana  aivalenab,  F.  &  C.  .         •         • 
{H,feUna,  Bose.) 

■  P  ap.  •  •  •  •  • 
Byamaretoa  sivalenBis,  F.  &  C.     • 

(  Ursui  sivalennt,  F.  &  C.) 

■  palffiindicua,  Lyd,      •         • 
(?  DiHoeifon.) 

Hyopotamua  giganieus,  Lyd.        •         • 
■  palffiini^cus,  Lyd.  • 

Hyotherimn  rindienae,  Lyd.  •  • 
Hyatrix  aivalenais,  Lyd.  •  •  • 
IctiUieriiim  sivalenae,  Lyd.  •         • 

Leptoboa  falconeri.  Rut.  •  •  • 
■■  frazeri.  Rut.         .         •         • 

Liatriodon  pentapotamisB,  Falc. 

{Tapirui  petUapoUunitB,  Falc.) 

■  tbeobaldi,  Lyd.  .  •  • 
Loxodon  planifrona,  F.  &  C. 

{Elephat  planifrofu,  F.  &  C.) 
{  Macaeua  rheaoa,  F.  Cut.     •         • 

—    aiTalenaia,  Lyd. 

^  ip.       •         .         • 

Vachairodna  aivalenuB,  F.  &  C.    .        • 
(M.faleaneri,  PomeL) 
(M.  palceindicui,  F.  &  C.) 
(Drepamodon  tivalensis,  F,  &  C*) 

Mania  findienais,  Lyd.        •        •        • 


Siod 

Sub- Himalaya  and 

Earlier  pliocene. 

Burma         .         . 
Narbada,  &a 

Higher  pliocene. 
Pleistocene. 

Sub-Himalaya 

Higher  pliocene. 

*9                                         • 
»                                          • 

Sob-Himalaya  and 
Perim          .      '   . 

• 

» 

»9 

Burma,    Perim,  and 

Sub -Himalaya 

99 

Tibet      . 

Pleistocene  (P). 

Sub- Himalaya 

Higher  pliocene. 

» 


M 


Tibet      . 
Sub-Himalaya 

Panj&b 
Panjdb   . 

Bhdgti  hills     . 
Sind 

»>  •         • 

Sub-Himalaya 
Paojdb  . 
Sub- Himalaya 
Narbada       '    . 
Panj&b  • 

>»  • 

Sub-Himalaya 

Plains    . 
Sub-Himalaya 

9 


and 


»9 


>* 


Pleistocene  (?). 
Higher  pliocene. 


99 


Earlier  pliocene. 


ft 


Higher  pliocene. 


M 


99 


Pleistocene. 
Higher  pliocene. 

» 

Prehistoric. 
Higher  pliocene. 


Sind 


Earlier  pliocene. 
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MAstodon  falooneri,  Lyd.    • 
I  latidens,  Clift. 

(Jf.  elephantoide9y  Clift.) 


pandionif,  Flilc.   . 
perimensis,  F.  &  C. 
sivaleDsif,  F.  k  C. 


Meles,  sp. 

Mellivora  dyalensifl,  F.  &  C. 

{Urtiiaanu  noaUnns,  F.  &  C.) 

*  Meryoopotamoi  dissimilis,  F.  &  C. 

Clf.  titxilentU,  F.  k  C.) 
(SippopottxmuM  dUsimilU,  F.  &  C.) 

Mas,  tp. 

«P 

Ovi8,(?)tp 

,  (?)  sp.      ...... 

*  Palsopithecas  sivaleiiBiB,  Lyd. 

PalsBoryx,  (?)  sp 

PalsBotherium,  (?)  sp.  .... 

Pantholops,  (?)  handeaiensis,  Lyd. 

Portaz  namadious,  Riit 

•p. 


PropalflDomeryx  sivalensis,  Lyd. 
PseadalaniB  sivalenBiB,  Lyd. 
Rhinoceros  deccanensis.  Foote. 
{  ■  indicuB,  Cav. 


.•    namadicas,  F.  &  C. 
m    palsindicoB,  F.  &  C.    . 
-    Bivalenflis,  F.  &  C. 


var.  gfyensia,  Lyd. 


Rhizomys  BiTalensis,  Lyd.  . 

(  (?)  Tifpholodon,  Falc.) 
*  Sanitherinm  scblagintweiti,  Myr. 

{8us  pusillu9,  Falc.) 
SemnopithecoB  Bob*liimalayanaB,  Myr.  . 
^ap.      .         .         .         . 


—  "P 


•       . 


Sivameryx  dndienBis,  Lyd.  . 
*  SiTatheriom  gigantenm,  F.  &  C.  . 

Stegodon  bombifrons,  F.  &  C. 

{8.  orientalist  Owen.) 
(Elqfhas  bomhifroms,  F.  &  C) 

, .  difti,  F.  &  C.       . 

(8,  ainemii,  Owen.) 
luiephat  elifti,  F.  k  C.) 
(Mastodon  elephantoides,  Clift.) 

■  ganesa,  F.  &  C.    . 

{Elepkas  ganesa,  F.  k  C.) 


Panj^b  k  Sind 

Pliocene. 

Sub<HimHlaya» 

Bur 

• 

ma,    Ptojab, 

and 

Sind   . 

99 

Sub« Himalaya,   Sind,     Pliocene  and   plei 

Perim,  and  Decoan.       (ocene. 

Sab-Himalaya,  Sind, 

and  Perim    . 

.    Pliocene. 

Sab- Himalaya 

Higher  pliocene. 

Panjib 

•a 

it 

Sub- Himalaya 

and 

Barmi^ 

M 

Sab- Himalaya 

.    Higher  pliocene. 

Narbada 

,    Pleistocene. 

Sab-Himalaya 

.    Higher  pliocene. 

Tibet      . 

Pleistocene. 

Panjib  . 

.    Higher  pliocene. 

Eocene. 

Tibet 

.    Pleistocene  (?). 

Narbada,  kc.    . 

•f 

Panj^b    . 

Higher  pliocena. 

Sab-Himalaya 

>» 

Panjib   . 

n 

Madras  . 

Pleistocene. 

Madras  and  Narbada 

Prehistoric  and 

Pleistocene. 

Narbada 

• 

Pleistocene. 

Sub- Himalaya 

< 

.    Higher  pliocene. 

Sub-Himalaya 

and 

Sind   . 

• 

Pliocene. 

Sind       . 

1 

,    U.  Miocene. 

Panj&b   . 

• 

Higher  pliocene. 

Sab- Himalaya 

and 

Pai\i&b 

w 

Sub-Himalaya . 

M 

Jamna . 

•> 

Pleiiitocene. 

Sind 

Earlier  pliocene. 

Sub- Himalaya . 

Higher  pliocene. 

Sab-Himalaya 

and 

(?)  China     . 

• 

n 

India,  Burma,  China, 

and  Japan    . 

« 

»> 

Sob-Himalaya  and        Higher  pliocene  and 
Narbada.  pleistocene. 
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Stegodon  iniignit,  F.  &  C. 

(Bl&pkas  imsi^nis,  F.  k  C.) 

Sqi  giganteos,  F.  &  C. 

(Hippopotamodony  Lyd.) 
—  byindriciUy  F.  &  C. 


t  —  pndiCQt,  Gray.    . 

(8.  erUiatut,  Wag.) 

—  poxjabienBia,  Lyd, 

Tapinu  (?)  sp. 
*  Tetnconodon  magnmn,  Falc. 

T^agulna  sivalensii,  Lyd. 

Unas  namadiciUy  F.  &  C.    . 


Sab-Himalaya,      Ja-    Higher  pliocene  and 
pan,  China  and  (?)  (?)  pleistocene. 


■         sp.  ..... 

*  Ytshnatheriom  iravaticam,  Lyd. 

¥if erra  bakeri^  Bose 

(Comf  sp..  Baker  and  Duraud.) 


Narbada. 

Sub- Himalaya  i 

Narbada. 
Sub-Himalaya, 

and  Perim    . 

ind 
Sind, 

Higher  pliocene  and 
(?)  pleistocene. 

Pliocene. 

Madras    . 

Prehistoric. 

Sub-Himalaya . 
Burma    . 

Higher  pliocene. 

Sub-Himalaya 
Panjdb    . 
Narbada,  &c.    . 

>» 
(> 

Pleistocene. 

Sub- Himalaya . 

Burma  and  (?) 
j£b 

Sub- Himalaya . 

Pan- 

Higher  pliocene. 

ft 
»» 

Note  m  ike  Bijoii  Labyiinthodont— ^y   R.  Lydekkeb,  B.A.,  F.G.S.,  F.Z.S. 

As  it  is  always  expedient  to  correct  erroneous  determinations  as  speedily  as 
ponible,  I  have  thought  it  advisable  to  publish  a  preliminary  note  regarding 
tbe  large  labyrinthodont  skeleton  from  the  Bijori  group  of  the  Gondwfinas  ^, 
wliich  has  recently  come  into  my  custody.  Careful  *"  development  *  has  exposed 
•  considerable  portion  of  the  palatal  aspect  of  the  skull,  which  was  previously 
concealed  by  matrix.  As  I  hope  eventually  to  describe  and  figure  this  import- 
ant and  interesting  specimen,  which  has  hitherto  been  considered  as  probably 
belonging  to  Archegosaurus,  in  the  *'  Palseontologia  Indica,"  it  will  only  be  very 
Isiefly  noticed  on  this  occasion. 

The  skull,  which  is  the  only  part  that  need  now  be  mentioned,  is  triangular 
in  shajie,  and  has  a  length  of  about  11,  with  an  extreme  breadth  of  8,  inches. 
The  orbits  are  oval  and  placed  S' >mewhat  posteriorly.  The  teeth  are  small,  sub- 
^Hndrical,  and  regular ;  there  are  several  larger  '*  tusks  "  close  to  the  symphysis 
of  the  mandible,  placed  (as  in  Mastodonsaurus,  Lahyrinthodon,  and  Pachygonid) 
inlerioiiy  to  the  row  of  small  teeth.  This  character  alone  shows  that  the  speci- 
men cannot  belong  to  Archegosaunis,  The  structure  of  the  teeth  seems  to  be  less 
eomplex  than  in  the  first  three  of  these  genera,  but  more  so  than  in  the  last. 
The  skull  is  greatly  produced  at  its  postero-extemal  angles,  and  has  large  epiotic 
oomua,  thereby  differing  from  Mastodonsaurus,  The  mandible  has  apparently 
no  distinct  post-articular  process,  but  a  well-developed  internal  articular  buttress. 
The  palatine  foramina  are  large  and  approximated. 

ESxcept  in  the  apparent  absence  of  a  distinct  post-articular  process  to  the 
mandible,  the  skull  shows  decided  afi^ty  to  the  first  division  of  the  Euglypta^; 
in  that  respect,  however,  it  agrees  with  Loxommay  but  is  distinguished  by  the 


>  See  "  Manual,"  part  I,  p.  128. 

3  See  "  British  Association  Report/'  1874,  p.  150. 
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characters  of  the  teeth  and  orbits.     The  specimen  will  ahnost  certainly  have  to 
be  referred  to  a  new  genus. 

It  may  not  be  out  of  place  to  mention  that  in  describing  the  lower  jaw  of 
Olyptognathtis  fragilis,  represented  in  figure  1  of  the  plate  accompanying  my  last 
notice  of  Gondwana  labyrinthodonts^,  the  specimen,  from  the  presumed  absence 
of  a  post-articular  process,  was  inferred  to  belong  probably  to  the  Brachiopina. 
It  should  have  been  stated,  assuming  the  correctness  of  the  inference  as  to  the 
absence  of  the  process,  that  it  probably  belonged  to  the  Brachiopina,  or  some  of 
the  subsequent  sections  of  Professor  Miall's  classification'. 


Note  on  a  skull  of  Hippotherium  antilopinum,   by  R.  Ltdskkeb,  B.A.,  P.G.S., 

F.Z.S. 

Among  a  small  collection  of  Siwalik  fossils  from  Perim  Island  lent  by 
Mr.  Theodore  Cooke,  LL.D.,  F.G.S.,  of  Poona,  and  transmitted  to  me  for  deter- 
mination, there  is  a  very  fine  example  of  the  skull  oiiffippotheriwn  antilopinum. 
The  species  was  previously  unknown  from  Perim,  and  this  is  the  first  known 
example  of  the  skull.  It  shows  the  complete  molar  dentition  of  the  left  side,  and 
is  otherwise  fairly  perfect :  I  shall  hope  to  give  a  further  description  of  it  on 
a  future  occasion. 

The  Lodgcj  Harpenden^  Herts, 


On  the  Iron  Ores,  and  Subsidiary  Materials  for  the  Manufacture  of  Iron,  in  the 
North-Eastem  part  of  the  Jabalpur  District;  by  F.  B.  Mallet,  F.G.S., 
Geological  Survey  of  India,     (With  a  map.) 

From  time  immemorial  the  Jabalpur  district  has  held  an  important  place 
amongst  those  centres  where  the  smelting  of  iron  has  been  carried  on  in  the 
native  method.  Plentiful  ores,  extensive  jungles  for  the  supply  of  charooal,  and 
proximity  to  thickly  populated  alluvial  tracts  of  country,  combined  to  give 
Jabalpur  a  commanding  position  in  the  old  days,  before  railways  had  brought  Uie 
native  hearths  into  an  unequal  struggle  with  the  blast-furnaces  of  England.  Even 
now  iron  is  made  on  what,  from  the  native  point  of  view,  must  be  considered  a 
large  scale,  numerous  furnaces  being  scattered  over  the  iron-bearing  portions  of 
the  district. 

The  advantageous  central  position  of  Jabalpur,  now  that  it  is  in  railway  com- 
munication  with  the  richest  parts  of  the  surrounding  provinces,  is  too  great  to 
have  escaped  notice  with  reference  to  the  manufacture  of  iron  on  European 
principles.  As  far  as  was  known,  ores  and  flux  were  to  be  had  in  abundance, 
and  the  moans  for  distributing  the  manufactured  iron  to  the  surrounding  markets 
was  at  hand.  i3ut  the  often-experienced  difficulty  of  keeping  large  furnaces  in 
blast  with  charcoal,  and  the  absence  of  any  available  coal,  were  a  deterrent  to 
any  decisive  action. 

>  "Krconin."  Vol.  XV,  p.  27. 

*  **  British  AMOciiition  Koport^"  loo,  cit. 
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Within  the  last  year  or  two,  however,  the  discovery  of  workable  coal  by- 
Mr.  T.  W.  H.  Hughes,  in  the  immediate  neighboarhood  of  the  Jabalpnr  district, 
bai  given  the  question  a  new  aspect.  A  line  of  railway  from  the  new  coaUfield 
It  Umeria  to  Mnrwara  (Katni),  on  the  East  Indian  line,  has  been  proposed, 
t&d  the  preliminary  snrveys  already  execnted. 

The  question  of  fuel,  then,  being  in  a  fair  way  towards  a  satisfactory  solution, 
it  became  important  to  ascertain  whether  the  generally  received  opinion  as  to 
the  abundance  and  excellence  of  the  Jabalpnr  ores  was  fully  borne  out  by  fact. 
I  was  consequently  directed,  in  the  early  part  of  this  year,  to  visit  the  more 
important  places  where  iron  was  known  to  occur,  with  a  view  to  forming  an 
opiDion  as  to  the  extent  of  the  deposits,  and  the  feasibility  of  working  them,  and 
to  collect  samples  for  subsequent  analysis.  The  question  of  flux  and  other  sub- 
ridiaiy  materials  was  also  to  be  looked  into.  The  following  paper,  then,  embodies 
the  results  of  my  work  in  the  field  and  laboratory. 

The  iron  ores,  for  purposes  of  description,  may  be  regarded  with  reference  either 
to  their  mineralogical  characteristics,  their  geological  distribution,  or  their  topo- 
graphical position.     The  accompanying  map,  the  geological  work  on  which  is 
mainly,  and  indeed,  with  reference  to  the  area  with  which  we  are  more  imme- 
diately concerned,  exclusively,  due  to  surveys  executed  by  Mr.  C.  A.  Hacket  in 
1869-72,  shows  the  distribution  of  the  different  series  of  rocks.     It  will  be  seen 
that  between  the  great  spread  of  Yindhyan  sandstones  on  the   north  and  Deccan 
trap  on  the  south,  both  of  which  formations  are  almost  barren  of  any  metallio 
wealth,  there  is  a  belt,  some  30  miles  wide,  where  a  very  varied  and  intricately  dis- 
posed assemblage  of  rocks  occurs.     It  is  just  here  that  the  band  of  iron-bearing 
transition  strata,  which  stretches  eastwards  for  more  than  200  miles  through 
the  S<m  Valley,   comes   in  contact  with  the   thickly    populated  alluvial    belt 
ihrongh  which  the  Narbadda  flows  westwards  for  about  the  same  distance.  Hence 
one  of  the  most  important  advantages  which  the  iron-smelters  of  Jabalpnr  have 
enjoyed.     Hematite  ores  similar  to  those  of  Jabalpur  are  known  to  occur  largely 
in  the  wild  country  to  the  east ;  but  there  are  not  the  same  facilities  there  for 
disposing  of  the  manufactured  product. 

The  formations  just  mentioned  include — 

Alluvianu 

Rock  laterite. 

Deccan  trap. 

Lameta  grroup. 

Upper  Gondwina. 

Coal  measures. 

TVUcbir  group. 

Upper  Vindbjans. 

Lower        „ 

Bij&war  or  transition  series. 

Gneiss. 

The  Bijawar  series  and  the  rock  laterite  are  those  with  which  we  are  more 
immediately  concerned  now,  for  it  is  in  them  that  nearly  all  the  iron  ore  is  con- 
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BiJAWAB  ORES 


tallied^  B J  reference  to  the  map,  then,  one  sees  at  a  glance  the  general  lie  of  the 
iron-bearing  tracts,  which  are  those  coloured  respectively  purple  and  bnmtsiennay 
although  it  is  only  in  certain  portions  of  those  areas  that  the  ores  are  found.  The 
Bij&war  ores  occur  more  especially  in  the  Parganas  Khnmbhi  and  Gkisnlpnr, 
while  the  Pargana  Bijeragogarh  contains  the  .greater  portion  of  the  lateritio 
ores. 

Mineralogically  considered,  the  iron  ores  are  almost  ezclusiyely  varieties  of 
hematite  and  limonite  (or  red  and  brown  hematite),  the  former  being  eepeciallj 
characteristic  of  the  Bijawars,  and  the  latter  of  the  newer  formation.  They  may 
be  classified  thus — 

Schistose  hematite. 

Micaceous  iron. 

Jasper-hematite'. 

Semi>oehreoa8  hematite. 

Manganif eronr  hematite. 

Pisolitic  limonite,  hreaking  with  smooth  eoo- 

choidal  fracture. 
Pisolitic  limonite,  breaking  mth  roogh  unersn 

fracture. 
Ordinary  laterite,  some  parts  of  which  contain 

a  high  percentage  of  iron. 
2,  HtmatUe, 

Magnetite  has  been  found  in  small  crystals  disseminated  through  the  hema- 
tite beds  of  Sehora,  but  I  am  not  aware  of  its  occurring  anywhere  in  such 
quantity  as  to  entitle  it  to  be  included  in  the  above  list  as  an  ore. 

BiJAWAR   ORES. 

The  Bijawar  series  has  been  subdivided  by  Mr.  Hacket  thus  (in  descending 

order)  : — 

Chandardfp  group. 


i,  Hematite 


2,  Limonite, 


1,  Limomite 


Latbbitb  obbs 


Lora 
Bhitri 


» 


MajhauU 

It  is  in  the  inferior  strata  of  the  Lora  group  (so  called  from  the  Lora  range 
east  of  Sehora)  that  all  the  most  important  existing  mines  are  sunk'.  "  All  the 
iron- workings,"  says  Mr.  Hacket.  "are  situated  near  the  base  of  the  (Lora)  group, 
where  the  quartz  bands  ^  are  absent,  and  the  rocks  consist  almost  entirely  of 
micaceous  iron,  or  mixed  with  a  few  bands  of  clay.  The  Jauli  mines  are  so 
situated,  as  also  those  of  Mangela,  and  at  Agaria  in  the  Majgaon  hills,  and  also 

^  Some  ore  also  occurs  in  the  Gondwina  heds,  hut  it  is  "  very  impure  and  requires  much  selee- 
tion  and  cleaning  "  and  is  "  very  rarely  worth  working "  (J.  G.  Medlicott,  Memoirs,  Geological 
Survey  of  India,  Vol.  II,  p.  278). 

«  Vide  p.  100. 

s  Here,  and  suhsequently,  in  reference  to  native  operations,  I  use  the  word  'mine'  to  express 
an  excavation  where  ore  is  extriicted,  irrespective  of  its  form.  Underground  workings  are  rather 
the  exception  than  the  rule,  the  majority  of  the  excavations  heing  irregular  open  pits. 

<  Vide  p.  100. 
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in  the  hills  west  of  the  '  marble  rocks '.  This  band  of  rich  iron  appears  to  be  very 
eoDBtftnt  in  the  section,  bnt,  being  softer  than  the  rocks  above,  is  mostly  worn 
awaj»  and  covered  by  the  alluvium,  or  debris  from  the  ridges  of  the  harder  rocks ; 
bnt  that  the  band  exists  is  shown  by  the  pieces  of  rich  iron  strewn  along  the  line." ' 
A  few  workings  in  the  Majhauli  hills  (near  the  western  edge  of  the  map) 
^  are  sitnated  in  rocks  of  the  Bhitri  group,  but  these  are  of  very  secondary  import- 
\    rnnce^ 

Probably  the  most  extensively  worked  cluster  of  mines  in  the  district  are 
ilioae  sitnated  in  the  group  of  low  irregular  hills  south  of  Sarroli  and  Majgaon 
(8  xnilee  south-east  of  Sehora),  and  as  the  iron-bearing  strata  are  exposed 
there  more  clearly,  and  on  a  larger  scale,  than  in  any  other  localities  that  I  have 
Tisited,  it  will  be  convenient  to  take  that  neighbourhood  as  a  starting  point  in 
fltfiy  detailed  descriptions. 

The  hill  half  a  mile  south  of  Agaria  (4  miles  west-south. west  of  Sarroli) 

appears  to  be  formed  entirely  of  iron  ore.    The  strata  have 
Hm^i  mae  ionth  of    ^  j^^  irregular  dip  towards  the  south.     The  highest  beds, 

i.e.,  those  on  the  south  side  of  the  hill,  where  there  are 
nnxnerons  pits,  are  of  evenly  laminated  micaceous  iron,  interbanded  with  occa. 
nonal  argillaceous  layers.  The  rock  is  so  soft  that  it  can  be  powdered  between 
the  fingers,  and  is  simply  dug  out  with  ordinary  hodalis.  But  the  greater  portion 
of  the  ore,  constituting  the  lower  beds,  is  schistose  hematite,  which  is  harder  than 
the  micaceous  iron,  although  easily  worked  on  account  of  its  fissile  character. 
Kumerous  pits  have  been  sunk  into  it  also.  There  is  a  thin  skin  of  laterite  on 
the  top  of  the  hill,  which  is,  in  great  part  at  least,  and  I  believe  wholly,  due 
to  alteration  of  the  iron-schist  in  situ. 

As  this  hill  is  about  a  third  of  a  mile  long,  flat- topped,  and  wide,  and  not  far 
from  100  feet  high,  the  quantity  of  ore  available  by  open  workings,  with  free 
drainage,  is  enormous.  As  a  very  rough  estimate,  the  cubic  contents  of  the  hill 
may  perhaps  be  taken  at  — ^  ^  *  ,  or  about  four  million  cubic  yards*,  which  is 
equivalent  to  about  fourteen  million  tons  of  ore.  Even  then  if  a  liberal  deduction 
be  made  for  possible  concealed  bands  of  useless  rock,  the  remaining  figures  will 
represent  an  immense  amount  of  ore. 

A  sample  of  schistose  hematite  from  the  northern  side  of  the  hill  yielded  on 
analysis— 

Ferric  oxide 97'64  =  Lron  68*28 

Fhoepboric  acid  .......         *12 

Salphoric  add  .......       trace 

Sulphur traces 

Loss  on  ignition'         .......        *89 

Ignited  inioluble  residue      ......       1*21 

Alumina  and  undetermined  .....        *24 

10000 

'  MSB.  report,  1870-71. 

'  The  product  of  the  dimensions  of  the  hill  is  dirided  by  2  to  allow  for  the  slopes  and 
ineguUrities. 

'  This  and  the  other  ores  analysed  were  air  dried.  The  loss  on  ignition,  therefore,  includes 
kygnnoopie  moistiure,  w  well  as,  in  the  case  of  the  hydrous  ores,  chemically  combined  water. 
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In  the  low  ridge  which  mns  westward  from  Agaria  a  band  of  hematite  schist, 

i,  A      •  several  yards  thick,  is  visible  along  the  crest.     Elsewhere 

^         ^^^  the  rock  is  obscured  by  talus,  Ac.     Except,  however,  near 

the  base  of  the  sonthem  slope,  where  pieces  of  ferrngrinons  sandstone  are  strewn, 

the  debris  on  the  ridge  is  entirely  of  hematite  schist,  so  that  considerably  more 

ore  may  exist  than  is  actually  seen.     The  ridge  is  perhaps  40  to  50  feet  high,  and 

comparatively  wide,  with  gentle  slopes.    Even  if  the  hematite  band  is  not  thicker 

than  the  exposed  strata,  a  large  amount  of  ore  is  available  in  the  ridge.     The 

dip,  as  seen  about  half  a  mile  west  of  the  village,  is  to  the  south  at  40°— 50^. 

In  the  hills  south-east  of  Agaria  I  observed  runs  of  ore  in  two  or  three  places, 

but  nothing  of  much  importance.  At  the  western  end 
^  HilU    south-east    of     ^^  ^^^  jj^^^  ^^^  ^^^^  limonite  schist  is  seen,  dipping 

S.  20°  E.  at  40°,  but  no  good  section  is  exposed.  This,  as 
well  as  other  Bijawar  limonite  ores,  which  are  of  rather  unfrequent  occurrence, 
may  possibly  be  due  to  hydration  of  hematitic  strata  near  the  surface.  At  the 
southern  base  of  the  hillock  just  west  of  Kurumukur,  jaspery  quartz  schist  inter- 
banded  with  micaceous  iron  is  seen.  The  hillock  is  capped  by  laterite,  and 
similar  rock  is  to  be  seen  in  some  of  the  hills  to  the  north-east  of  the  same  village. 
These  hills  are  low  and  featureless,  with  little  or  no  other  rock  visible.  It  is  not 
at  all  improbable,  however,  that  the  laterite  is  due  to  superficial  alteration  of 
iron  ore,  and  that  there  is  a  considerable,  perhaps  a  large,  quantity  of  the  latter 
in  the  hills  in  question. 

There  are  tivo  low  hillocks  close  to  Sarroli,  one  three-quarters  of  a  mile  some* 

what  south  of  west,  and  the  other  a  mile  south-south-west 
from  the  town.  The  former  of  these  is  composed  of 
schistose  hematite  and  micaceous  iron,  the  beds  of  which  have  an  irregular  strike, 
corresponding  on  whole  with  the  direction  of  the  hill,  and  an  uncertain  dip  at 
high  angles.  There  is  a  skin  of  laterite  in  places  due,  I  have  no  doubt,  to  snper- 
ficial  alteration  of  the  ore. 

The  northern  part  of  the  other  hill  is  also  composed  of  iron  ore,  which  has  an 
irregular  dip,  apparently  towards  the  south  as  a  whole.  The  southern  part  of  the 
hill  is  formed  of  homstone.  The  lower  beds  of  ore,  i.e.,  those  in  the  most  northern 
part  of  the  hill,  are  of  hard  micaceous  iron  passing  into  schistose  hematite,  while 
the  upper  strata  are  of  soft,  crumbly,  finely  laminated  micaceous  iron,  with  some 
interbanded  argillaceous  layers.  It  will  be  observed  that  the  section  here  is 
similar  to  that  in  the  hill  half  a  mile  south  of  Agaria — soft  crumbly  ore  above 
and  harder  beds  beneath — and  I  do  not  think  there  can  be  much  doubt  that 
the  strata  in  the  two  localities  belong  to  the  same  horizon.  There  are  two 
rather  large  excavations  in  the  upper  beds;  that  to  the  south-east  is  known 
as  the  Sarroli  mine,  and  that  to  the  north-west  as  the  Part&bpur  mine  (from 
a  village  close  by  which  is  not  marked  on  the  map). 

As  a  rough  estimate  of  the  amount  of  ore  available  by  open  workings,  with 
free  drainage,  in  the  Sarroli  hills,  the  cubic  contents  of  the  northern  may  perhaps 
be  taken  at  ^^  ^  ^^  ^  ^^,  or  about  500,000  cubic  yards,  and  that  of  the  iron-bearing 
part  of  the  southern  at  ^2^JL^?!JfJ7,  or  about  the  same  amount.  This  is  equivalent 
to  about  1,700,000  tons  of  ore  in  each  hill,  or  say  three  and  a  half  million  tons 
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k  both  together.  In  this  estimate,  as  in  that  for  the  hill  sonth  of  Agaria,  no 
Mconnt  ia  taken  of  the  ore  which  could  be  raised  from  open  workings  beneath  the 
lord  of  the  surrounding  country.  From  such  workings  an  immense  amount  of 
«n  could  be  obtained. 

A  sample  of  the  crumbly  micaceous  iron  from  the  Partabpur  mine,  taken 
« ik  was  being  loaded  on  to  buffaloes  for  transmission  to  the  neighbouring 
ImaceBy  yielded— 


Ferric  oxide 

Phosphoric  acid       .         .         • 

Salpharic  acid 

Sulphur  .... 

LoM  on  ignition 

Ignited  insoluble  residue 

Lime^  alumina  and  uudetermined 


92-2I'=  Iron  64-55 

•07 
trace 
trace 

1-86 

4-50 

1-36 


10000 
The  harder  ore  from  the  north  end  of  hill  gave  — 

Ferric  oxide 9716  =  Iron  68*02 

Loss  on  ignition       ......       1*30 

Ignited  insoluble  residue  ....        *89 

Undetermined^ *65 


100*00 


JanlL 


The  largest  irqn  mine  in  the  district  is  that  near    Jauli,  somewhat  less  than 

a  mile  south-east  of  the  village  (3  miles  south-east  of 
Sarroli).  The  ore  is  a  semi-ochreous  hematite,  in  which 
%  slightly  schistose  structure  is  often  apparent.  Hematite  with  metallic  lustre 
also  occurs,  but  is  quite  subordinate  to  the  more  ochrey  kind.  The  ore  is 
interbanded  with  quartzose  layers,  which  in  some  places  greatly  exceed  the 
ferruginous  part  of  the  rock.  In  other  places  they  are  comparatively  rare, 
and  in  the  best  ore  they  are  still  less  common.  These  layers  vary  from  a 
fraction  of  an  inch  to  several  inches  in  thickness.  The  beds  are  vertical,  the 
strike,  where  best  seen,  being  N.  40^  E.  A  rough  measurement  showed  the  beds 
exposed  to  have  a  thickness  of  about  150  feet,  but  in  estimating  the  thickness 
of  ore,  a  deduction  must  be  made  as  an  allowance  for  the  quartzose  portion 
just  alluded  to. 

The  ore  has  been  very  largely  worked,  the  mine  being  nearly  100  yards  long  by 
50  yards  broad,  and  perhaps  50  feet  deep.  I  was  informed  by  Mr.  Olpherts' 
agent  in  charge  of  the  mine,  that  it  is  not  flooded  in  the  rains ;  it  is  a  sort  of  deep 
trench  (the  length  of  which  coincides  with  the  strike  of  the  rock)  in  which  water 
would  accumulate  if  it  did  not  soak  away  subterraneously,  or  evaporate,  quicker 
than  it  entered.  The  surrounding  country  is  an  undulating  one,  and  without 
actual  leyelling  it  woald  be  impossible  to  say  to  what  extent  free  drainage  could 
be  depended  on  for  more  extensive  operations. 

It  is  from  picked  ore  from  this  mine  that  Mr.  W.  G.  Olphcrts'  'metallic  paint' 
is  made,  by  grinding  to  an  impalpable  powder. 

*  In  this,  and  subsequent  analyses,  in  which  phosphorus  and  sulphur  are  not  given  separately, 
any  present  if  included  in  the  undetennined  portion  of  the  ore. 
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Some  distance,  perhaps  a  quarter  of  a  mile,  to  the  north-east  of  the  above 
mine,  there  is  an  old  abandoned  one.  The  ore  exposed  is  not  as  rich  as  that  in 
the  mine  now  worked,  and  natnrallj  so,  as  previous  to  abandonment  all  the  best 
ore  exposed  would  be  removed.  The  beds  dip  E.  30°  S.  at  60°,  the  strike 
therefore  being  nearly  the  same  as  in  the  newer  mine.  Mr.  Hacket  considered  the 
ore  in  both  mines  to  belong  to  the  same  band,  and  one  can  scarcely  doubt  that 
such  is  the  fact ;  but  the  ore  is  so  soft  that  it  makes  no  show  at  the  surface,  and 
hence  cannot  be  traced  along  the  outcrop.  If  the  band  is  continuous,  however, 
for  even  a  quarter  of  a  mile  only,  with  anything  like  the  thickness  it  has  in  the 
present  mine,  a  very  large  amount  of  ore  is  hidden  beneath  the  surface. 

An  average  sample  of  the  Jauli  ore,  taken  as  it  came,  and  including  the  inter- 
banded  quartz,  yielded  on  analysis- 
Ferric  oxide 75*69  =s  Iron  52*98. 


Phosphoric  acid 

•10 

Sulphuric  acid 

.    traces. 

Sulphur 

.    traces. 

Lou  on  ignition 

.      1*59 

Ignited  insoluhle  residue 

.    2232 

Manganese  oxide,  lime  and  undetermined  . 

•30 

100-00 
By  the  aid  of  some  picking,  however,  a  much  purer  ore  can  be  obtained.     A 
sample  assayed  by  Mr.  A.  Tween  gave  97*86  per  cent,  of  ferric  oxide  =  68'50  of 
iron,  and  some  of  Mr.  Olpherts'  paint  gave  97*10. 

Before  leaving  the  ores  of  this  neighbourhood,  I  ought  to  mention  that  the 

hematite  of  Jauli  and  Agaria,  as  well  as  of  the  hills  close 

Ores  of  the  Sarroli  hills    ^   SarroU,   is   most  distinctly   a    bedded    rock,   havim? 

bedded,  not  fault,  rock,  '  .    xt     r       u  «^  •*  •    i         a-^  i  ^ 

generally  (except  at  Jauli,  where  it  is  less  strong  marked) 

a  highly  schistose  character.  Locally  indeed  the  rock  is  crushed  and  recemented, 
and  this  crushing  may  have  taken  place  along  lines  of  faulting  (probably  merely 
local  slips) .  But  except  in  such  very  limited  sense  the  ore  is  most  certainly  not 
a  fault  rock.  The  point  is  one  of  practical  importance  with  reference  to  the 
probable  persistency  of  the  ore,  and  is  alluded  to  as  the  reverse  has  been  pre- 
viously stated  *. 

The  most  prominent  rock  in  the  Lora  range  (east  of  Sehora)  is  a  ferruginous 

siliceous  schist,  composed  of  alternating  layers  of  micaceous 
^"^         *  iron  and  quartz,  which  is  usually  of  a  red  jaspery  type. 

The  layers  are  of  irregular  thickness,  varying  from  a  small  fraction  of  an  inch  to 
an  inch  and  upwards.  For  want  of  a  better  name,  and  to  avoid  circumlocution  in 
referring  to  it,  this  rock  may  perhaps  be  called  jasper-hematite  schist.  If  it  were 
marked  as  an  iron  ore,  the  Lora  range  (as  well  as  many  other  lines  of  hill) 
should  be  streaked  with  gold  from  end  to  end.  But  a  large  proportion  of  the 
rock  contains  too  great  an  amount  of  silica  to  allow  of  its  being  smelted  with 
advantage,  more  especially  when  ores  practically  free  from  silica  are  to  be 
obtained  in  abundance.  Only  those  places,  therefore,  are  marked  with  gold  in 
which  I  have  myself  seen  good  workable  ore. 

>  Memoirs,  Geol.  Surv.  of  India,  Vol.  II,  p.  278. 
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At  the  termination  of  the  range  north  of  Mangola  a  band  of  jasper-hematite  is 

exposed  in  situ  along  the  crest.     Lower  down  the  slopes 

there  is  a  talus  of  the  same  rock,  amongst  which  pieces  of 

micaceons  iron  2  or  3  inches  thick,  or  more,  and  free  from  siliceous  layers,  are  not 

luicommon.     But  the  beds  are  not  exposed  sufficiently  for  one  to  form  an  opinion 

tt  to  whether  there  is  anj  considerable  quantity  of  ore. 

The  hill  half  a  mile  north  of  Gogra  is  formed  mainly  of  jasper-hematite. 

Near  the  base  of  southern  slope  there  are  a  number  of 
ijogra  a  wau         shallow  ore  pits*,  but  they  are  only  in  talus,  not  in  the 

rock  in  situ.  The  miners  seek  for  the  small  bits  of  ore  which  can  be  used  at 
once  in  the  furnaces,  and  leave  the  large  lumps,  which  would  require  the  labour 
of  breaking  up.  The  ore  is  a  man&raniferous  micaceous  hematite,  containing  a 
yarying  proportion  of  iuterbanded  jaspery  quartz.  It  is  a  siliceous  ore,  although 
not  very  highly  so.  As  the  manganiferous  band  is  entirely  concealed  beneath  the 
talus,  no  estimate  can  be  made  of  its  thickness.  Judging,  however,  from  the 
large  amount  of  debris,  it  seems  probable  that  the  thickness  is  considerable. 
As  the  loose  ore  must  either  lie  directly  over  that  in  situ,  or  else  have  come  down 
hill,  and  as  the  pits  extend  20  or  30  feet  (vertically)  from  the  base  of  the  hill, 
probably  a  large  amount  of  ore  is  obtainable  by  dry  open  workings,  whether  these 
be  through  a  deep  mass  of  talus  or  into  solid  rock. 

The  proportion  of  manganese  varies  much,  as  can  be  seen  from  the  outward 
appearance  of  the  ore.  In  some  specimens  of  the  micaceous  iron,  the  presence 
of  manganese  is  scarcely  apparent  to  the  eye ;  in  others,  the  ore  shows  by  its  dark 
colour  that  it  contains  a  large  amount,  and  in  the  highly  manganiferous  .portions 
psilomelane  occurs  in  irregular  segregations.  A  carefully  chosen  average  sample, 
made  up  of  a  large  number  of  small  pieces  taken  from  di^Perent  pits,  yielded — 

Ferric  oxide 66*33  =■  Iron  46*43 

r  Manganese  (with  traces  of  cobalt)   ....  12*26 

\  Oxygen  ........        6*83 

Phosphoric  acid  .......  '27 

Solphuric  acid    ........  ^03 

Sulphur  trace. 

Ignited  insoluble  residue     ......        9*55 

Lime,  alumina,  water  and  undetermined  .  4*76 


100-00 


The  manganese  exists,  in  large  part  at  least,  in  the  form  of  psilomelane, 
occurring  in  irregular  segregations,  or  more  minutely  disseminated  through  the 
rock. 

The  Gogra  miners  told  me  (and  Mr.  Hacket  mentions  the  same  thing)  that 
the  ore  from  these  pits  produces  a  hard  steely  iron,  used  for  making  edged- 
toolsy  Ac.,  while  that  from  the  mines  in  the  Sarroli  neighbourhood  yields  a  soft 
iron,  used  largely  for  'karrais*  (shallow  basins  for  making  chupatis  in,  Ac), 
The  difference  is  no  doubt  to  be  attributed  to  the  manganese  in  the  former. 

'  Those  to  the  west  belong  to  the  villsge  Gogra,  and  those  to  the  east  to  Danwni. 
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The  ridge  ranning  eastward  from  Kuthola  (1  mile  gouih-east  of  Sehora)  is 

formed  mainly  of  jasper-hematite.  At  the  gap  where 
the  railway  passes,  the  strata  dip  at  a  high  angle  towards 
the  south.  In  the  low  hill  just  west  of  the  railway  station  (Sehora  road),  the^ 
beds  in  which  seem  to  be  higher  in  the  section,  as  the  rocks  actnally  lie,  than 
those  just  mentioned,  manganiferons  hematite  schist,  with  psilomelane,  ia  visible. 
The  rock  is  more  earthy  and  impure-looking  than  that  at  Oosulpur,  which 
will  be  described  presently,  and  contains  a  considerable  amount  of  interbanded 
jasper  and  quartz.  No  great  thickness  is  exposed,  but  the  outcrop  is  of  some 
importance,  as  indicating  the  position  of  the  manganiferons  band. 

Where  the  Deccan  road  passes  the  end  of  the  ridge,  jasper-hematite  with 
homstone  is  visible  in  situ^  and  pieces  of  psilomelane,  Ac^  are  scattered  about. 
On  the  northern  slope  of  the  hillock,  about  300  yards  N.  15°  W.  from  the  Dfck 
^     .  Bungalow  at  Gosulpur,  a  strong  band  of  manganiferons 

micaceous  iron  outcrops.     In  a  little  nalla  at  Uie  foot  of 
the  hill  the  following  section  is  ezpos.ed  :— 

FMt. 

Clay-Blate,  seen  about 60 

Soiuewbat  fermginous  qnarti  schist 5 

Obscured 20 

MaDgauiferous  micaceoas  iron 15  f 

„  quarts  schist 5 

„  micaceous  iron,  seen 86 

The  total  thickness  of  ore  actually  seen  being  about  50  feet.     The  section  is 
given  in  descending  order,  as  the  rooks  lie,  the  dip  being  about  60°  to  N.  30**  W. 

The  hillock  just  mentioned  forms  the  eastern  extremity  of  a  low  scarp,  run- 
ning from  Oosulpur  to  W.  30**  S.  The  scarp  is  capped  by  several  yards  of  roc^ 
laterite,  but  lower  dowh  the  slope  (which  faces  to  N.  30**  W.)  the  mangano- 
f erruginous  band  outcrops  in  several  places.  It  is  fairly  seen  at  intervals  for 
about  a  third  of  a  mile,  and  reveals  its  presence  more  obscurely,  by  occasional 
small  outcrops,  and  by  loose  fragments,  for  at  least  a  quarter  of  a  mile  mare.  As 
in  the  first  third  of  a  mile  the  outcrop  is  well  above  the  plain  (averaging 
perhaps  30  feet  or  so),  there  is,  unless  the  band  thins  out  considerably  immediately 
westward  of  Gosulpur,  which  is  not  likely,  some  hundreds  of  thousands  of  tons 
to  be  had  by  dry  open  workings,  and  probably  some  millions  by  going  deep 
enough. 

The  appearance  of  the  rock  shows  (as  at  Gk)gra)  that  the  proportion  of 
manganese  is  very  variable.  The  greater  portion  of  it,  at  least,  exists  in  the  form 
of  psilomelane,  occurring  partly  as  linings  to  small  cavities  in  the  rock,  and  in 
irregular  segregations  and  masses,  some  of  which  contain  some  cubic  feet  of 
mineral.  I  am  somewhat  inclined  to  think  that  the  psilomelane  is  'most  abundant 
where  the  schist  has  crushed  and  re-cemented,  psilomelane  being  the  cementing 
material.  A  sample  of  the  more  manganiferons  part  of  the  schist  afforded  18*08 
per  cent,  of  manganese  (with  a  little  cobalt),  while  the  psilomelane  gave  83*20 
per  cent,  of  available  peroxide. 

Reviewing  the  above  details,  it  will  be  seen  that  manganiferons  micaceous 
hematite  has  been  found  in  several  places  along  the  southern  side  of  the  Lora 
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hmge.  One  can  scarcely  feel  much  donbt  as  to  there  being  a  continnons  band 
in  that  position.  It  is  highly  probable  that  the  GK)8ulpar  ore  belongs  to  the 
Mme  horizon,  but  whether  it  is  a  direct  continuation  of  the  same  outcrop  or 
not  is  more  doubtful.  The  strata  in  the  Lora  range  have  a  general  dip  towards 
the  south-south-east  at  high  angles,  while  the  beds  at  Gt>8ulpur  dip  N.  30°  W. 
at  about  60°.  This  may  be  a  mere  local  feature,  or  it  may  indicate  that  the  liora 
mud  Gosulpur  outcrops  are  on  opposite  sides  of  a  synclinal  flexure. 

There  does  not  appear  to  be  any  reason  why  the  Gosulpur  and  Lora  man- 
ganiferons  ore  should  not  form  a  suitable  material  for  the  manufacture  of 
spiegeleisen.  Although  part  of  the  manganese  occurs  in  distinct  segregationSi 
a  large  proportion  of  it  is  minutely  disseminated  through  the  ore. 

On  the  slope  of  the  hillock  at  Gosulpur  above  mentioned,  a  little  below  the 
ontorop  of  the  manganif erons  ore,  there  is  a  band  of  limonite  not  less  than  15  feet 
thick.  It  can  be  traced  westwards  for  about  the  same  distance  as  the  other  ore, 
to  which  it  runs  parallel.  Some  parts  are  very  massive,  the  rock  lying  about  in 
large  blocks ;  others  present  a  schistose  appearance.  At  the  time  I  took  this  to 
be  a  bedded  Bijawar  rock,  but  I  am  not  prepared  to  assert  positively  that  it  is 
so.  Whether  it  be  or  not,  a  considerable  quantity  of  ore  (containing,  however,  a 
rather  high  percentage  of  phosphorus)  is  to  be  obtained  from  it.  It  yielded  on 
analysis*- 

Ferric  oxide       .         • 81*57  =  Iron  57*10 

Phovpharic  acid  .         .  .         .         .  1*69 

Sulphuric  acid O'OO 

Snlphur  «         .         •         t         «         .         .         .      traces  ^ 

Lots  on  ignition.         ..•«...      10'91 
Ignited  insolable  residue      ......        4*08 

IdmOi  alnmina  and  undotermined  ....        1*75 


100*00 

Latebitic  ores. 

The  pisolitic  ores  occur  on  a  horizon  near  the  base  of  the  later!  tic  strata. 
**  The  bottom  beds  (of  the  group)  consist  of  a  coarse  ferruginou3  sandstone, 
formed  of  rounded  bits  of  quartz,  sometimes  as  large  as  a  pea,  embedded  in  a  hard 
ferruginous  paste.  Above  this  there  are  some  beds  of  fine  ferruginous  earthy 
sandstone,  containing  badly  preserved  leaf-impressions.  Besting  upon  these  in 
aome  sections,  there  are  several  feet  of  a  rich  oolitic  iron  ore,  covered  by  red, 
white,  and  purple  clays,  with  bands  of  a  coarse  ferruginous  sandstone  inter- 
bedded,  the  whole  capped  by  the  ordinary  rock  laterite."' 

There  are  two  main  varieties  of  pisolitic  ore,  one  of  which  breaks  with  a  smooth 
conchoidal  fracture  and  shining  surface ;  the  other  with  a  rough  uneven  fracture 
and  dull  lustreless  surface.  In  the  former  the  hardness  and  tenacity  of  the 
spherules,  and  of  the  cement  in  which  they  are  embedded,  are  about  equal,  so  that 
fracture  takes  indifferently  through  both  parts  of  the  rock.  The  difference  of 
feacture  in  the  other  variety  is  due  partly  to  the  cement,  and  also  the  spherules, 

>  -003. 
*  C.  A  Hacket,  MSS.  report,  1871-72. 


104  -      Recordi  of  the  Geological  Survey  of  India,  [vol.  xvi. 

breaking  with  a  dull  uneven  surface ;  partly  to  some  of  the  sphernles  being 
dragged  out  of  their  sockets  unbroken,  so  that  the  surface  of  the  rock  shows  a 
number  of  roundel  prominences  and  depressions.  The  conchoidal-fractured 
limonite  is  hard  and  brittle,  the  other  much  softer,  and  sometimes  quite  friable. 

The  spherules  of  the  former  vary  in  size  from  that  of  large  peas  downwards, 
BO  that  the  rock  passes  into  oolitic  limonite.  Intimately  associated  with  it  in 
many  sections  is  a  highly  ferruginous  sandstone,  which,  when  looked  at  under 
the  lens,  is  seen  to  be  composed  of  minute  grains  of  quartz  with  an  abundant 
limonitic  cement.  Sometimes  the  rock  is  free  from  spherules  of  limonite ;  more 
frequently  such  are  scattered  through  it  more  or  less  abundantly.  Thus  it  passes 
into  the  rich  pisolitic  ore  in  which  grains  of  quartz  are  sometimes  yisible  between 
the  spherules,  though  more  frequently  the  cement  is,  like  the  spherules  them- 
selves, purely  limonitic.  The  sandstone  and  pisolitio  ore  are  often  found  in 
juxta-position,  with  a  sharp  line  of  division  between  the  two. 

An  inmiense  number  of  small  pits,  most  of  which  are  now  abandoned,  are 
scattered  over  the  lateritic  area.  The  majority  of  those  I  visited  are  in  the 
neighbourhood  of  Bijori  (7  miles  east-south-east  from  Murwara)  and  in  the 
Kanhwdra  hills. 

There  is  a  quarry  a  quarter  of  a  mile   S.  15*  W.  from  Bijori  from  which 
-,..    .  Mr.  W.  G.  Olpherts  obtained  some  of  the  ore  smelted  in 

his  experimental  works  at  Murwara.     The  section  at  one 
end  comprises — 

Ft.  In. 

a.  Surface  soil 1  0 

h,  Lateritic  d^ris                 1  6 

d,  Pisolitic  limonite  with  conchoidal  fractare  .         .    ■      .         .         .0  11 

e.  Ochreous,  somewhat  pisoUtic,  limonite  with  rough  fracture   .         .0  4 
/,  y.  Semi-ochreous  red  oxide  of  iron,  in  oniou-Iike  nodules  several 

inches  in  diameter      ........    0  8 

h»  Lithomargic  clay 0  7 

t.  Soft  friable  sandstone,  seen 0  7 

One  hundred  feet  to  the  east,  at  the  other  end  of  the  quarry,  the  section  is 
as  follows— 

Ft.  In. 

a,  Surface  soil    ..........l  0 

b,  Lateritic  debrU        .........     1  Q 

c,  Soft  pisolitic  limonite  with  rough  fracture 3  4 

d,  Pisoliiic  limonite  with  conchoidal  fracture           .         .         .         .    0  10 

e,  Ochreous,  somewhat  pisolitic,  limonite  with  rough  fracture  .         .0  5 

f,  Pisolitic  limonite  with  conchoidal  fracture           •         .         .         .     0  4 

g,  Ochreous,  somewhat  pisolitio,  limonite  with  rough  fracture   .         .0  6 
h.  Lithomargic  clay,  seen 0  10 

In  comparing  the  above  two  sections  it  will  be  observed  that  the  band  of 
semi-ochreous  red  oxide  of  iron  in  the  first  corresponds  to  /  -f  ^  in  the 
second,  or  to  one  or  other  of  them,  the  other  having  died  out.  In  either  case 
there  is  a  change  in  mineral  character  laterally,  which  change  may  be  either  ori- 
ginal or  secondary.  The  absence  of  c  in  the  first  section  is  merely  due  to  denu- 
dation. 
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About  a  mile  sontli  of  Bijori  there  is  another  quarry,  which  has  been  worked 
by  Mr.  Olpherts.     The  section  at  the  eastern  end  comprises — 

«.  Snri^e  soil 1  0 

b,  DUintegrated  laterite,  or  lateritic  debria     .....  2  8 

e.  Diriutegrated  laterite  with  one  or  two  liiyers  of  highly  ferruginous 
sandstone,  and   thin  seams  of  pisolitic  limonite  with  conchoidal 

fracture        ..........  0  9 

J.  Pisolitic  limonite  with  conchoidal  fracture .         .         .         .         .  0  8  to  4 

«.   Soft  pisolitic  limonite  with  rough  fracture .....  1  9 

/.   Pisolitic  limonite  with  conchoidal  fracture  .         .         .                   .0  \ 

g.  Soft  pisolitic  limonite  with  rough  fracture .         .         .         .         .  1  10 

h.  Limonite,  with  conchoidal  fracture;  pisolitic  in  the  upper  part, 

passing  into  oolitic  lower  down                  .         .                   .         .  0  11 

i.  Laterite,  seen 1  2 

At  the  other  end  of  the  quarry,  22  feet  to  the  west,  the  band  h  is   represented 

by— 

Ft.  In. 

Q  Pisolitic  limonite  with  conchoidal  fracture      .         .         .         .0  5 

K    \  Soft  pisolitic  limonite  with  rough  fracture       .         .         ^         .    0  4 
^  Oolitic  limonite  with  conchoidal  fracture         ....     0  5j) 

The  middle  4-inch  band,  therefore,  dies  out  in  a  very  short  distance.  In  the 
iprestem  part  of  the  quarry,  also,  the  band  d  is  represented  by  a  layer,  about 
equally  thick,  of  compact  brittle  limonite.  It  is  further  noticeable  in  this  sec- 
tion that  ordinary  laterite  underlies  the  pisolitic  ore. 

An  average  sample  from  the  band  h  gave  on  analysis — 

Ferric  oxide 81*20  =  Iron  56*84 

Phosphoric  acid  .         .         .         .       \.  1*41 

Sulphuric  acid     ........  trace. 

Sulphur      .........  trace. 

Loss  on  ignition  .......  13*42 

Ignited  insoluble  residue       .         .         .         .  .1*29 

Alumina,  lime  and  undetermined   .....  2*68 

100-00 

On  the  north  side  of  the  village  3  feet  4  inches  of  soft  pisolitic  limonite,  with 
rough  fracture,  is  exposed,  with  the  base  not  seen.     This  afforded — 

Ferric  oxide 71*72  =  Iron  50*20 

Loss  on  ignition  .......     14*68 

Ignited  insoluble  residue       ......      7*94 

Undetermined  (alumina  &  lime  in  part)  .         •         .         .      6*66 

10000 

In  an  old  pit  half  a  mile  east  of  Bijori  2  feet  of  ore  of  the  same  kind  is 
exposed. 

There  aro  a  number  of  abandoned  pits  about  300  yards  north  of  the  village,  in 
one  of  which  the  following  section  was  measured  : — 

Ft.         In. 
Surface  soil 1  g 

Soft  pisolitic  limonite  with  rough  fracture       .....  1  6 

Pisolitic  limonite  with  conchoidal  fracture      .....  0  1 

Soft  pisolitic  limonite  with  rough  fracture      .....  0  7 

OchreoQB  pisolitic  limonito  with  rough  fractore        ....  0  3 
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ngolitio  timonite  with  nmchnidal  fraotnre;  ttie  unoant  of  cement 
between  tbe  gpherolM  incrauing  ia  KiDonnt  downwuil*  tmlil  tbe 
rock  puMi  into  binhl;  ferm^noDi  undatone  .  .    0  7  to  S 

Soft  piioliMo  limonite  with  roof^b  fractsN       .....    0  6 

Friable  ferrngiDDiii  Mndetone  with  tame  tbin  tnegnlar  herd  lejen, 

«ean 1  6 

M  "hBaoa.  About  half  a  mile  soath-west  of  Majhgaon,  soma  terrng  i 

none  beds  are  very  imperfectly  seen  in  a  naUa. 

It.      In, 
Fbolitic  limonite  with  concboidil  frmctDre,  not  len  than  .         .        1  6  P 

ArenacaoQi  aemi-ochreoni  hematite,  in  bedi  of  in^^abir  tbickneu. 


The  lower  beds  are  conaiderably  contorted  on  a  small  scale. 
On  Ae  sonth-weat  side  of  the  village,  in  an  old  pit,  about  2  feet  of  oolitS 
limonite,  mostly  of  the  soft  variety,  underliea  some  4  feet  of  lateritic  de&rCe 
The  base  of  the  ore  is  not  visible. 

— 1^  Three  quarters  of  a  mile  Bonth-'WeBt  of  Bhadora  there  "m 

a  group  of  old  pits,  in  the  largest  of  which  ihe  following 
section  V 


SnrTnGe  wil,  Ac.         .         .         . 

Bed  of  eartliy  limonite,  witb  faint  plant  it 

Lithomargic  cUy      .         ........        8  0 

Oolitic  limonite,    aoftar  and  leaa  highly  fermginont  than   that 

below 8  0 

Oolitic  limonite,  rather  aoft  and  breaking  irith   rough   fnuitiiro, 

tetn 1  0 

Snmmarizing  the  preceding  sections,  we  find  (he  thiokaeaaas  of  ore  acttudlj 
n,  to  be  as  follows  : — 


2 

11. 

5l 

1 

h 

j 

1 

Ft.  I... 

Ft.  In. 

n.  In. 

Ft.  In. 

Ft  lo. 

I  mile  S.  15°  W.  from  Bijori  .... 

1     S 

4    8 

5    4 

1  mile  Bonth  of  Bijori     . 

1    3 

3    7 

4  10 

North  aide  of  Bijori 

8    4 

S    4 

i  mile  ™.t  of  BLjori 

... 

a  0 

8    0 

800  jurda  north  of  Bijori       . 

0     8 

8    B 

... 

3    5 

i  mile  sonth.wMt  of  Majlignon 

1     6? 

4    0 

5    6? 

Soutb-wertaiilcof  MnjhifttOn  . 

2    0 

2    0 

}  milo  TOnth-weat  of  Blmdom 

3    0 

0  10 

... 

3  10 
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In  the  sections  which  are  best  seen  there  is  abont  5  feet  of  ore.  In  the  others 
either  a  portion  of  the  ore  has  been  denuded  away  from  the  top,  or  the  lowest  beds 
are  not  visible. 

With  reference  to  the  important  question  whether  the  iron-bearing  strata  are 

continuous  throughout  the  area  over  which  the  pits  above  noticed  are  scattered,  it 

would  be  perhaps  rash  to  express  an  unqualified  opinion.     The  strata  are  most 

obwcnrely  seen,  being  rarely  visible  except  in  the  old  pits,  and  seldom  in  them  even 

e:z:cept  by  clearing  out  the  rubbish,  by  which  they  are  more  or  less  choked  up* 

B  nt  I  am  certainly  strongly  inclined  to  believe  that  the  ore  will  be  found  to  occur 

oontinuously  at  the  same  horizon,  although  the  details  of  the  section  may  vary  in 

cldlFerent  localities.     Some  of  the  sections  given  above  show  slight  differences 

ithin  a  few  yards  even,  but  those  in  which  the  rocks  are  best  seen  agree  in  there 

ling  a  foot  or  so  of  limonite  with  conchoidal  fracture,  covered  by  a  thicker  band 

the  softer  kind  of  ore. 

The  map  scarcely  indicates  the  form  of  the  ground  correctly.  There  is  low 
)und,  occupied  by  alluvixun,  on  the  borders  of  the  streams,  sloping  gently 
xa^-pward  to  more  elevated  ground,  where  the  surface  rock  is  laterite,  rather  than 
ci^finite  hills  and  valleys.  The  ore  beds  generally  occur  near  the  foot  of  the  lateritio 
sXope,  a  little  above  the  level  of  the  alluvium.  They  have  probably,  therefore,  been 
d.«nuded  away  from  some,  at  least,  of  the  alluvial  hollows.  But  these  hollows 
ocxmpy  a  fsir  less  area  than  the  lateritic  ground.  In  the  latter  I  believe  the  ore  will 
%>«  found  continuously ;  at  or  close  to  the  surface  in  the  lower  ground,  and 
oT)tainable  by  open  workings,  but  in  the  more  elevated  tracts  probably  beneath  such 
depth  of  overburden  as  to  necessitate  shallow  mines.  The  amount  of  ore  must  be 
'ciy  large.  A  continuous  bed  of  even  one  yard  only  would  contain  more  than 
[ght  million  tons  to  a  square  mile. 
About  a  mile  north  of  Emelia  there  are  two  quarries  about  100  yards  apart. 
„    ^.  That  to  the   north  was  worked  last  year,  and  a  consi- 

derable heap  of  ore  was  stacked  at  the  time  of  my  visit. 
The  section  includes — 

Ft.        In. 
Sarface  soil 0  2 

Highly  fermginons  sandstone    .         .         .         .         .         .         .1  8 

Disintegrated  ordinary  laterite  .         .     '    •         .         •         •         .1  8 

Pisolitic  iron  ore,  seen       .     '    . 4         0 

1)xQ  floor  of  the  quarry  is  on  the  ore,  so  that  the  total  thickness  of  the  latter  is  not 

a.pparent.    The  strata  dip  about  N.  N.  W.  at  5°.     The  ore  is  somewhat  different  to 

^ny  that  I  have  seen  elsewhere.     It  consists  of  spherules  of  limonite  (having  an 

onion-like  structure,  and  ranging  up  to  an  inch,  or  even  more,  in  diameter,  but 

^^nally  not  exceeding  half  an  inch)  which  are  embedded  in  a  semi-ochreous  cement 

Consisting  mainly  of  brown,  but  partly  of  red,  oxide  of  iron.    Most  of  the  spherules 

on  the  sur&ces.  of  fracture  remain  xmbroken,  being  torn  out  of  their  sockets  on 

one  Bide. 

In  the  other  quarry  the  same  beds  are  seen  less  fully. 

Ft.        In. 
Surface  soil 0        9 

Highly  ferruginous  sandstone 10 

IHsintegnited  ordinary  laterite 0       6 

Pisolitic  iron  ore,  seen        • 13 
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The  ore  is  similar  to  that  in  the  first  quarry,  except  that  the  cement  contains 
more  red  oxide.     Dip  north-west  at  6**, 

The  ore  in  these  qnarries  being  on  rising  ground,  and,  where  it  is  now  ex- 
posed at  least,  close  to  the  surface,  is  favourably  situated  for  open  workings.  An 
average  sample  from  the  first- mentioned  gave — 

Ferric  oxide  77*81  =  Iron  54*47 

Mangnnese  (calculated  as  Mn^  0^).  with  traces  of  cobalt .         1*54 
Phosphoric  acid  .......  *82 

Sulphuric  acid  .         .         .         .         .         .         .  traces. 

Sulphur  ........  traces. 

Loss  on  ignition         .         .         .         .         .       -  .         .  13*20 

Ignited  insoluble  residue      ......         3*27 

Alumina,  lime  and  undetermined  ....        8*36 


100-00 


On  the  rising  ground  about  a  mile  west-south-west  of  Jhijri  several  shallow 

pits  have  been  sunk,  but  they  are  now  abandoned.  Lumps 
of  ore  are  freely  scattered  about  over  the  surface,  and  here 

and  there  a  thin  bed  is  visible  in  situ.     The  thickest  I  saw  included  10  inches  of 

pisolitic  limonite  with  conchoidal  fracture. 

At  the  base  of  an  outlying  hillock  of  laterite,  about  half  a  mile  north-west  of 

,,  .,    .  Kailw^ra,   there  is  a  band  of  ore,  similar  to   that   near 

Kailwara.  ... 

Jhijri,  which  has  a  thickness  of  not  less  than  20  inches. 

In  a  nalla,  close  to  Mr.  Olpherts'  paint  mill  on  the  Katni,  a  mass  of  some- 

--       ,  what  earthy  limonite,  mixed  with  red  oxide,  appears  from 

beneath  the  alluvium  for  a  distance  of  about  20  yards. 

It  has  an  apparent  schistose  structure  and  is  unlike  any  lateritic  ore  that  I  am 

acquainted  with.     On  the  other  hand,  it  is  very  improbable  that  the  Bijawar  rocks 

should  appear  at  the  surface,  which  they  could  only  do  by  very  peculiar  faulting, 

so  that  I  feel  uncertain  as  to  the  relations  of  the  ore.     It  afforded — 

Ferric  oxide  .         .         .         .         .         .  75*23  =  Iron  52*66 

Loss  on  ignition 9*02 

Ignited  insoluble  residue  .         .         .     '    .         .  11*08 

Undeteroained  (alumina  and  lime  in  part)      .  .        4*67 


10000 


The  Kanhwdra  hills  (6  miles  north-east  of  Murwdra)  form  a  level  plateau 
-     hill.  bounded  by  a  sharply  defined  escarpment.     The  surface 

rock  on  top  is  ordinary  laterite,  while  bands  of  rich  iron 
ore  outcrop  along  the  face  of  the  slope. 

Pisolitic  limonite,  in  great  part  of  the  kind  with  conchoidal  fracture,  forms 
a  strong  band  at  the  top  of  the  escarpment  a  quarter  of  a  mile  W.  20**  N.  of 
Pilongi.     There  is  little  or  no  overburden  on  it. 

At  the  foot  of  the  ghdt,  half  a  mile  N.  20**  W.  of  Piprehta,  a  bed  of  similar 
ore  not  less  than  2  feet  thick  is  visible. 
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Kot  far  from  the  top  of  the  scarp  above  Piprehta  there^is  a  strong  baud  of 
the  same  kind  of  ore.  There  appears  to  be  another  lower  down,  but  the  section 
is  obscnrelj  seen. 

On  the  slope  of  the  projecting  spnr,  a  quarter  of  a  mile  south-east  of  Pip- 
rehta,  there  are  some  old  pits.     In   one   of  them  the  following  section  was 


Ft.      In. 


Pi§olitic  limonite,   mainly  of  the  kind  with  conchoidal  fracture, 
in  part  somewhat  ochreoos,  seen        ...... 

CoarBe  fermginons  sandstone      ....... 

Compact,  or  slightly  ochreoos,  limonite  ..... 

Do.  red  oxide  of  iron  ........ 

Lithomargic  clay,  seen       ........ 


2 
1 
0 
0 
1 


10 
6 
2 
8 
6 


there  being  3  feet  3  inches  of  oi*e,  with  the  top  of  the  main  band  missing  through 
denudation.  The  ore  is  15  feet  (vertically)  below  the  top  of  the  hill,  Tjrhioh  is 
about  70  yards  to  the  north — 

A  sample  from  the  main  seam  yielded  on  analysis : — 


Ferric  oxide 

Phosphoric  acid 

Solpharic  acid 

Salphnr    . 

Loss  on  ignition 

Ignited  insolable  residae 

AlaminA,  lime  and  andetermiued 


82-18  =  Iron  57  52 
•76 

trace 
traces 
18-89 

1-67 

1-60 


100-00 


It  will  be  noticed  that  this,  as  well  as  the  other  lateritic  ores  analysed,  con- 
tains a  much  higher  percentage  of  phosphorus  than  the  hematites.  In  the  latter 
the  phosphoric  acid  ranges  from  -10  to  27  per  cent. ;  in  the  former  from  '76  to 
1*41  per  cent. 

At  the  foot  of  the  hill,  below  the  pits  just  mentioned,  there  is  a  strong  band 
of  oolitic  and  pisolitic  limonite  with  conchoidal  fracture. 

To  the  north-west  of  Kamtarra  (a  village  1  mile  south  of  Moh^ri)  there 
are  some  old  pits  25  feet  above  the  foot  of  the  escarpment,  which  is  70  feet  high. 
The  ore  is  pisolitic  limonite  with  conchoidal  fracture,  and  is  not  less  than  12 
inches  thick.  There  seems  to  be  more  thau  one  band  of  ore  besides  that  in  the 
pitB,  but  the  section  is  very  obscure.  Large  quantities  of  loose  ore  are  strewn  on 
the  hill-side  at  different  levels. 

Just  west  of  Mohdri  the  hill  is  capped,  with  no  overburden,  by  2  feet  4  inches 
of  oolitic  limonite  with  conchoidal  fracture.  There  are  some  old  pile  here  and 
others  about  half  way  down  the  hill. 

In  the  nalla  just  north  of  Mohdri  there  is — 


Oolitic  limomte  with  conchoidal  fracture,  seen       •         .         .         . 
Slightly  arenaceous  limonite,  in  thinnish   hods   containing  plant 

impreMiona 

Ferraginooi  aaaditone,  seen 


Ft. 

Id. 

0 

9 

0 

9 

1 

6 
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Near  the  bottom  of  the  ghdt,  haJf  a  mile  north-west  of  Moh§ri,  there  is  a 
band  of  pisolitic  limonite  with  conohoidal  fracture,  seemingly  about  2  feet  thick. 
Higher  up  there  is  another  strong  band  of  similar  ore. 

On  the  slope  above  Kanhw&ra  2  feet  6  inches  of  same  kind  of  ore,  but  some- 
what ochreous  in  part,  outcrops  in  one  place. 

About  half  a  mile  south  of  Kanhwara  the  surface  rock,  at  some  little  dis- 
tance from  the  foot  of  the  escarpment,  is  pisolitic  limonite  with  conchoidal 
fracture. 

On  comparing  the  above  sections  it  wiU  be  seen  that  there  is  one  band  of 
ore  near  the  top  of  the  escarpment,  another  at  the  foot  of  it,  and  a  third  in  an 
intermediate  position.  The  thicknesses,  in  as  far  as  I  was  able  to  ascertain 
them,  were— 

Top  i0am,  MtddU  mmi.  Bottom  tomm, 

i  Mile  W.  2(f  N.  of  Pilongi  Strong  band 

I    „     N.  2(f  W.  of  I'iprehta     .  ...  ...  NotleMtbaa 

2  feet. 

Piprehta Strong  band  ? 

i  Mile  soath-east  of  Piprehta    .  19ot  less  than  ...  Strong  band. 

8  feet  3  inches. 

North-west  of  Eamtarra  .  .  ...  Not  less  than 

Ifoot 

West  of  Mohiiri       ....     Not  less  than  ? 

2  feet  4  inches. 

North  of  Mohiri      ....             ...  ...                  Not  less  than 

1  foot  6  inches. 

North-west  of  Mohiri      .         .                      ...  Strong  band              2  feet  P 

Kanhwara ...  2  feet  6  inches 

South  of  Eanhwte          ...              ...  ...                            P 

It  is,  I  think,  tolerably  safe  to  estimate  the  average  thicknesses  of  the  seams 
at — 

Ft.  In. 

Top  seam 2  8 

Middle  seam 2  0 

Bottom  seam 2  0 

The  area  of  the  plateau  west  of  Mohilri  being  about  two  and  a  half  square 

miles,  there  would  be  in  the^- 

Top  seam 19  million  tons  of  ore. 

Middle  seam 15        ,»  » 

Bottom  seam 15       »  » 

A  large  amount  of  ore  from  the  top  seam  is  available  by  open  workings  with 
free  drainage  in  places  where,  as  in  some  of  the  localities  noticed  above,  it  oocurs 
at  the  very  top  of  the  escarpment  with  little  or  no  overburden.  A  considerable 
quantity  could  also  be  got  from  the  bottom  seam,  in  the  same  way,  in  places 
where  it  extends  into  the  plain  at  the  foot  of  the  slope.  The  g^reat  mass  of  ore  from 
the  two  lower  seams,  however,  and  some  probably  from  the  top  one,  could  only 
be  obtained  by  mining.  But  mining  in  horizontal  strata  at  such  insignificant 
depths  would  be  of  the  simplest  kind,  an  immense  quantity  of  ore  being  within 
reach  by  adits  driven  in  from  the  face  of  the  escarpment. 

In  tilie  above  estimate  no  account  has  been  taken  of  the  Kanhw&ra  hills  east  of 
Mohiri,  where  there  can  be  little  doubt  ore  exists  in  equal  abundance. 
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A  considerable  proportion  of  the  ordinary  laterite  contains  a  high  percentage 

of  iron,  and  in  countries  less  favoured  than  that  under 
inary  a         as      .    ^^yj^ggj^j^  y^ould  be  looked  on  as  a  valuable  ore.     As  a 

case  in  point,  I  may  mention  the  hillock  near  £Iailw4ra  previously  alluded  to.    It 

ia  about  40  feet  high,  and  formed  of  rock  laterite  of  a  common  type.     A  carefully 

chosen  average  sample  yielded— 

Ferric  oxide 68*27  =  Iron  44*29 

Lo88  on  ignition 10*48 

Ignited  inBolnble  residue  ....  19*86 

Undetermined  (mainly  alumina  and  lime)  .  6*89 

10000 

I  ought  not  to  conclude  these  notes  on  the  iron  ores  of  Jabalpur  without 

saying  that  they  do  not  profess  to  give  an  account  of 
Scope  of  notes.  if^*         i*i  i>         i  xi 

every  locanty  m  which  such  mineral  resources  are  to  be 

found.    Iron  is,  indeed,  well  known  to  occur  in  places  which  I  have  not  visited— 

at  Gangai,  for  instance,  near  the  marble  rocks,  and  the  Majhauli  hills,  west  of 

Sehora.     Such  ores,  however,  are,  from  their  position,  obviously  out  of  count  in 

connection  with  the  IJmeria  coal.     In  the  localities  I  have  described,  there  is  a 

practically  unlimited  supply  of  high-class  brown,  red,  and  manganiferous  ores,  none 

of  which  are  more  than  a  few  miles  distant  from  the  railway.     So  much  being 

ascertained,  it  would  be  useless,  at  any  rate  until  the  question  of  working  the 

ores  takes  a  more  definite  form  than  at  present,  to  spend  time  in  the  examination 

of  the  more  remote  and  less  important  localities. 

Fluxes. 

The  most  important  member  of  the  Lower  Yindhyan  series,  and  that  possess- 
ing the  greatest  constancy  in  the  section,  is  a  band  of 
rnXoue^  '  ^*"  ™^  limestone  some  hundreds  of  feet  in  thickness.  Consti- 
tuting, as  it  does,  nearly  the  highest  subdivision  of  the 
series,  and  generally  dipping  towards  the  north  at  moderate  angles,  it  occupies 
the  lower  portion  of  the  Kymore  escarpment  (beneath  the  sandstones  of  the 
upper  series),  or  a  belt  of  country,  of  varying  width,  immediately  to  the  south. 
In  this  position  it  extends  from  near  Sasser^m  to  Bijer^ghogarh,  a  distance  of 
some  200  miles.  In  the  neighbourhood  of  the  latter  town  the  outcrop  is 
exceptionally  wide,  covering  a  breadth  of  more  than  3  miles.  A  little  west 
of  Bijer^hogarh,  however,  the  alluvium  begins  to  encroach,  the  limestone  out- 
crop rapidly  narrows,  and  near  the  village  of  Kachgaon  finally  disappears  beneath 
the  more  recent  deposits^ .  But  it  is  practically  certain  that,  although  concealed, 
the  limestone  forms  a  continuous  fringe,  bordering  the  Upper  Yindhyan  rocks, 
from  Kachgaon.  towards  the  south-west,  and  then  eastwards  again  to  Murw^ra. 
In  the  latter  position  there  are  numerous  quarries  sunk  through  the  alluvium. 

These  excavations  are  in  a  line  running  north  and  south  from  just  south  of 
the  town  to  the  base  of  Murwdra  Hill  Station.  With  one  exception  they  appear 
to  be  all  very  nearly  on  one  strike.     The  depth  of  overburden  in  the  different 

'  The  narrow  band,  colored  bine  on  the  map,  to  the  westward  of  Kachgaon,  Is  of  shale,  which 
oeenpies  a  position  between  the  limestone  and  the  Upper  Vindhjan  rocks  above. 
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quMTies  varies  from  10  to  25  feet,  exoept  in  the  most  southern  of  the  line,  where  it 
is  less  than  5.  It  consists  of  clay,  with  Lower  Yindhyan  shales  and  inferior  shaly 
limestone,  which  overlie  the  band  that  is  worked.  The  latter  consists  of  grey 
limestone  in  beds  of  rather  small  thickness,  averaging  say  2  to  5  inches.  A 
carefully  chosen  average  sample  gave — 

Carbonate  of  lime       ........  94*65 

„        of  magnesia  (by  diff.) 2*98 

„        of  iron '68 

Phosphoric  acid traces 

Snlpharic  acid             ........  0*00 

Sulphur    .         .         .         .       * traces' 

Ignited  insoluble  residue 1*79 

100-00 
— a  result  which  shows  the  stone  to  be  eminently  suitable  as  a  flux. 

The  band  of  superior  limestone  (above  and  below  which  is  inferior  stone)  is 
only  some  10  feet  thick,  and  as  it  dips  (towards  the  west)  at  15° — 20°,  it  cannot 
be  followed  towards  the  deep  for  any  distance,  the  overburden  even  at  the  out- 
crop being  excessive.  The  amount  of  stone  therefore  obtainable  from  the  present 
quarries  is  limited.  The  outcrop  of  the  whole  band  of  limestone,  however  (which, 
as  I  have  said,  is  some  hundreds  of  feet  thick  in  the  Son  Valley),  probably  extends 
for  a  considerable  distance  eastwards  of  the  quarries  beneath  the  laterite  and  allu- 
vium, and  many  other  beds  of  good  stone  are  probably  concealed  in  that  position. 
(There  is  indeed  one  excavation,  some  130  yards  east  of  the  others,  which  has 
struck  limestone,  but  of  an  inferior  kind.)  It  is  very  doubtful,  however,  whether 
the  more  recent  deposits  are  not  too  thick  to  allow  of  such  being  worked,  even  if 
found.  A  well  in  Mr.  Olpherts'  compound,  a  few  hundred  yards  east  of  the  line 
of  quarries,  was  sunk  through  90  feet  of  clay  without  striking  rock. 

In  the  event,  then,  of  iron  works  on  a  large  scale  being  started  at  Murwara, 
I  think  it  is  not  impossible  that,  sooner  or  later,  the  supply  of  limestone  on  the 
spot  will  fail.  In  this  case  search  should  be  made  a  little  south  of  where  tiie 
railway  passes  through  the  Kymore  hills  (west  of  Ponchi).  It  is  quite  possible 
that  the  limestone  is  to  be  found  there  beneath  a  less  depth  of  overburden  than  at 
Murw&ra,  and  a  few  shallow  wells  would  be  sufficient  to  settle  whether  it  is  or 
not.  If  not,  perhaps  the  best  plan  would  be  to  construct  a  tramway  from  Mur- 
wara to  the  limestone  area  west  of  Bijerighoghar,  or  to  the  latter  town  itself. 
Limestone  is  to  be  had  there  in  unlimited  quantify  at  the  surface  of  the  ground. 
The  tramway,  therefore,  besides  serving  to  bring  in  iron  ore  from  the  rich  deposits 
of  the  Kanhwdra  hiUs,  and  flux  for  smelting  purposes,  could  supply  lime- 
works  on  any  required  scale  with  stone,  probably  at  a  cheaper  rate  than  it  can  be 
had  now  at  Murwdra,  as  the  expense  of  removing  such  a  mass  of  overburden  would 
be  avoided.  As  the  Murwira^  Ume  is  now  exported  as  far  even  as  Calouita^  a 
market  would  doubtless  be  found  for  a  large  supply,  if  deliverable  at  a  sufficiently 
low  rate.  A  certain  amount  of  passenger  and  ordinary  goods  traffic  would  alsOy 
no  doubt,  be  obtainable  for  such  a  tramway  as  a  feeder  of  the  East  Indian  Rail. 

^•004. 

*  Or  Katni.    Murwilra  is  the  name  of  the  town,  Eatni  that  of  the  adjoining  railway  stafcioB. 
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way.     As  the  oonntry  is  nearly  lerel,  with  only  one  stream  of  any  size  to  cross, 
there  would  be  no  difficulty  in  construction. 

There  is  an  unlimited  supply  of  limestone  to  be  obtained  from  the  lameta  beds. 

Besides  the  fact,  however,  that  these  rocks  do  not  approach 
the  railway  anywhere  north  of  Jabalpur,  the  stone  is 
markedly  inferior  to  that  of  Murwara.  An  average  sample,  taken  from  several 
heaps  collected  for  burning  near  Jabalpur,  contained  21*38  per  cent,  of  residue 
insoluble  in  hydrochloric  acid,  the  remainder  being  carbonate  of  lime,  with  trifling 
quantities  of  magnesia  and  iron. 

A  pisolitic  variety  of  laterite,  containing,  besides  iron,   a  large  proportion  of 

alumina,  occurs  abundantly  in  the  hills  south  of  Mur- 
Alnminoiu  laterite.  ,  t^  i       •  n  i       i  j    t_  •     j    i- 

wara.       If  an   aluminous  nux   should   be  required    for 

smelting  some  of  the  hematite  ores,  the  rock  in  question  might  perhaps  be  found 

useful. 

Dolomite. 

The  occurrence  of  manganif erous  iron  ore,  available  for  the  production  of  spie- 
geleisen,  would  probably  lead  to  Bessemer  steel-making  being  included  in  any 
icheine  for  utilising  the  Jabalpur  ores.  If  the  basic  process  were  adopted,  dolomite 
for  lining  the  converters  would  be  required.  The  rock  occurs  in  g^reat  abundance 
in  the  district,  and,  although  very  unequal  in  quality,  can  be  obtained,  by  a  little 
selection,  of  great  purity. 

The  well-known  *  marble  rocks,'  which  are  situated  about  2  miles  from 
M  bi       k  Mirganj   station   on  the   Great  Indian   Peninsular  Rail- 

way (11  miles  from  Jabalpur  and  68  from  Murwara), 
&ro  dolomitic  throughout.  The  rock  has  a  saccharine  texture,  and  is  mainly  of 
a  pure  white  colour,  although  here  and  there  it  has  a  grey,  yellow,  or  pink  tinge. 
The  bedding,  as  a  rule,  is  not  very  thick,  and  in  places  it  is  quite  thin,  the  rock 
Terging  towards  a  dolomitic  schist.  The  greater  portion  of  the  dolomite  contains 
disseminated  crystals  of  tremolite,  and  veiy  often  irregular  strangulated  layers 
of  quarts  parallel  to  the  bedding.  But  rock  free  from  visible  impurity  is  to  be 
obtained  without  any  difficulty.  A  sample  of  such,  of  a  pare  white  colour,  and 
obtained  from  different  spots,  yielded — 

Gurbonate  of  lime 65*48 

„         M  magnesia  (by  diff.) 48'55 

n         n'veon '86 

Xgnited  iaaolable  reaidae *61 


100-00 

This  is  a  very  close  appix)^mation  to  normal  dolomite,  which  contains  64*35  and 
^*65  per  cent,  d  carbonate  of  lime  and  magnesia  respectively. 

Dolomite  of  a  somewhat  less  pure  variety  also  occurs  largely  in  the  neighbour- 
N     sumiAnAhftii         hood  of  Slecmauabad.    It  is  mostly  grey,  with  occasional 

cherfy  and  quartzose  bands,   but  rock  free  from  visible 
UQpority  can  easily  be  got  by  selection.    A  sample  taken  from  the  side  of  the 
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railway  between  Dharob'  and   Deori  (2  miles  from  Sleemanabad  station  and 
20  from  Mnrw&ra)  gave — 

Owbonate  of  lime         .........  62*46 

„         „  mtgnetia  (by  diff.) 88'28 

»         tf  iron 2-76 

Ignited  insolable  rendae 6*67 


100-00 
The  same  band  of  rook  is  also  found  close  to  the  Sleemanabad  station. 

Fireclay. 

Firebricks  have  been  made  in  the  Jabalpnr  jail  from  clay  obtained  from  the 

.  Upper  Gondw^na  beds,  in  the  neighbonrhood  of  Jackson's 

hotel.     Last  year  I  made  some  trial  of  .their  infosibility  on 

a  small  scale.   Three  sharp-edged  fragments,  together  with  three  similar  fragments 

of  a  Scotch  firebrick,  from  Kilmarnock,  were  placed  in  a  covered  cmcible,  and 

exposed  for  an  hour  to  a  dazzling  white  heat  in  a  Fletcher's  injector  gas  fomaoe. 

After  cooling  it  was  found  that  the  edges  of  none  of  the  fragments  showed  even 

incipient  signs  of  fusion.     The  fragments  of  both  bricks  had  acquired  a  slight 

glaze  on  the  parts  forming  portions  of  the  original  surfaces,  and  when  brokmi 

were  found  to  have  become  extremely  hard  (so  as  to  resist  the  point  of  a  knife), 

somewhat  porous,  and  the  fracture  semi- vitreous  looking.     The  Jabalpor  brick, 

before  heating,  had  a  smoother  fracture  than  the  Scotch  one,  and  was  much  softer 

and  more  easily  broken.     After  heating,  however,  both  seemed  to  be  equally  haxd. 

Bdbu  Hira  L^l,  of  the  Geological  Survey,  recently  forwarded  some  clay,  similar 

in  appearance  to  that  from  which  the  Jabalpnr  bricks  were 
made,  which  he  found  in  the  Upper  Qondw&na  strata  in  the 
hill  west  of  Amdari,  a  village  14  miles  south-west  of  Ghandia.  He  states  ^^•^- 
the  clay  occurs  in  considerable  quantity.  It  is  a  white  indurated  kind,  breaking 
with  a  semi-conchoidal  fracture  when  dry.  When  powered  moderately  finely  \ 
it  yielded  a  highly  plastic  mass  with  water.  From  this  small  bricks  with  sharp 
square  edges  were  made,  measuring  l^*'  +  J"  +  J*',  Similar  bricks  were  made 
from  fireclay  from  Glenboig  and  Gtumkirk  (Scotland)  and  from  Bdniganj,  One 
of  each  was  enclosed  in  a  covered  crucible,  with  one  end  resting  on  tiie  bottom, 
and  the  other  touching  the  side.  After  exposure  for  an  hour  to  a  dazzling  white 
heat  in  an  injector  furnace  ^,  the  edges  of  the  Amdari  brick  were  only  slight^ 
rounded,  but  the  brick  had  softened  sufficiently  to  allow  it  to  bend  somewhat, 
until  partially  supported  by  the  side  of  the  crucible.  It  had  not  contracted  in  a 
marked  degree.  The  Glenboig  and  Gumkdrk  bricks  remained  with  perfectly  sharp 
edges  and  contracted  very  slightly;  the  former  showed  no  trace  of  bending,  while 
the  latter  was  bent  in  a  very  slight  degree.  The  B&niganj  brick  had  the  edgea 
completely  rounded,  and  was  reduced  to  a  semi-fused  condition. 

'  Sifted  through  a  neve  of  88  holes  to  the  linear  inch. 

'  The  temperatnre  was  sufficiently  high  to  soften  the  cover  of  a  crucible  from  the 
works,  and  allow  it  to  sagg  downwards. 
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Some  of  the  powdered  Amdari  clay  was  sxibBeqiiently  washed  by  suspension 
in  water,  dried,  repowdered  and  sifted,  and  made  into  bricks  of  the  same  kind, 
which  were  similarly  heated.  The  edges  were  very  slightly  rounded,  and  the  bricks 
bent  somewhat  from  their  own  weight,  but  decidedly  less  than  that  made  from 
nn washed  day. 

Although  the  clay,  then,  showed  itself  to  be  inferior  to  Scotch  clay,  good  fire- 
bricks could  probably  be  made  from  it,  especially  if  washed.  Similar  clay  is 
doubtless  to  be  found  elsewhere  in  the  Upper  Gondw&na  area,  and  one  may  expect 
the  coal  measures  of  IJmeria  to  contain  fireclays  like  those  of  Rdniganj  and  other 
coal  fields. 

MubwXra  as  a  site  fOB  Ibon-wobks. 

In  the  preceding  remarks  I  have  more  than  once  alluded  to  Murw&ra  as  a  site 
for  future  iron-works.    The  advantages  of  the  position  are  not  far  to  seek.     The 
two  primary  conditions  in  selecting  a  site  are  firstly,  that  there  shall  be  an  ample 
supply  of  water,  and  secondly,  that  the  spot  shall  be  on  the  line  of  railway. 
Kow,  between  Gt)sulpur,  in  the  neighbourhood  of  the  most  important  hematite  and 
manganiferous  deposits,  and  Umeria,  v%&  Murw&ra,  the  East  Indian  Railway 
and  l^e  projected  line  to  IJmeria  only  croes  three  streams  of  any  size,  namely, 
the  Heran,  south  of  Sehora;  the  Katni,  at  Murwira;  and  the  Mdhanaddi,  near 
Ckandia.     The  first  of  these  is  obviously  too  far  away  from  the  coal-field.     The 
MAhanaddi  is  within  a  comparatively  short  distance  of  the  coal,  which  forms  the 
heaviest  individual  item  of  haulage,  but  not  only  would  the  ore  and  flux  have  to 
be  taken  from  near,  or  beyond,  Murw&ra  to  the  Mihanaddi,  but  all  the  iron  pro- 
duced would  have  to  be  carried  from  the  Mdhanaddi  to  Murwara.    Roughly 
speaking,  there  would  be  the  haulage  of  ore  +  flux  +  iron  versus  the  haulage  of 
coal'. 

Murwdra,  as  will  have  been  seen,  occupies  a  central  position  with  reference  to 
the  different  mineral  products  required.     It  is  actually  on  limestone,  and  within 
leas  than  15  miles  of  an  unlimited  supply  of  the  same  mineral  to  the  north- 
east.    It  is  in  the  immediate  neighbourhood  of  the  lateritic  brown  ores,  and  about 
equally  distant  from  the  IJmeria  coal-field  to  the  south-east,  and  the  hematite  and 
manganiferous  ores  to  the  south-west,  while  dolomite  is  to  be  had  within  20  miles 
by  railway.    The  Katni,  which  flows  past  Murwara,  is  a  stream  with  a  drainage 
area  of  230  square  miles  above  the  town,  and  there  is  an  abundant  supply  of  water 
throughout  the  year*. 

'  If  the  new  liae  were  contiDiied  to  BelMpnr  a  certain  qnanHty  of  iron  would  find  iti  way 
to  Uie  tontli-eaat,  bnt  the  amount  woold  probably  be  a  small  proportion  of  the  total  made. 

*  It  appean  from  data  kindly  supplied  to  me  by  Mr.  V.  Pont,  Resident  Engineer  of  the  East 
IndUan  Railway  at  Jabalpor,  that  in  April  last  year,  when  the  stream  wonld  be  almost  at  its  lowest, 
tlMva  was  a  flow  of  996  cubic  feet  per  minute. 

A  magnificent  sheet  of  water  could  be  formed  by  throwing  a  dam  across  the  gorge,  through 
which  the  Katni  flows  just  west  of  Murwira,  and  a  sufficient  head  of  water  perhaps  obtained  to 
work  heavy  machinery ;  to  ascertain  the  exact  hl\  obtainublti  wuuld  require  actual  levelling.  The 
maefTolr,  however,  could  unfortODately  only  be  made  at  the  expense  of  submerging  a  large  area  of 
cuiaTated  land. 


I 
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On  Lateritic  and  other  Manganese  Ore  occurring  at  Goaolpur,  Jabalpor  Diatriot,  ky 

P.  R.  Mallbt,  F.G.S.,  Oeologtcal  Survey  of  India. 

In  a  previous  volnme  of  the  Records  ^  some  account  is  given  of  the  manga- 
nese ore  at  Gosulpur,  which  was  visited  by  the  Superintendent  of  the  Geological 
Survey  in  1879.  The  sections  then  available  for  examination  were  very  poor 
indeed,  but,  judging  from  which  could  be  seen,  Mr.  Medlicott  thought  that  a 
large  supply  of  the  ore  could  probably  be  depended  on.  The  following  year  a  shaft 
was  sunk  with  a  view  of  testing  the  richness  of  the  deposit.  When  this  had  reached 
a  depth  of  20  feet,  the  engineer  in  charge  reported  **  that  all  trace  of  the  ore  was 
lost  at  a  depth  of  9  feet  from  the  surface,  at  which  depth  a  yellow  subsoil,  resem- 
bling ochre,  was  entered ;  that  about  1^  cubic  feet  of  ore  were  obtained,  and  even 
this  small  quantity  of  rather  an  inferior  quality ;  that  in  consequenoe  I  lecom- 
mended  and  discontinued  operations.*'  As  this  discouraging  result  was  at  variaoo^ 
with  the  hope  previously  entertained  of  a  considerable  supply,  I  was  directed  tg 
take  the  opportunity,  while  in  the  neighbourhood  recently,  of  visiting  the  locality 
and  seeing  how  the  discrepancy  was  to  be  explained. 

The  shaft  is  dug  on  the  site  of  the  pre-existing  holes  examined  by  Mr.  Medli- 
cott, from  which  the  ore  had  been  extracted  for  use  in  glass-making  at  Murwir^ 
and  elsewhere.     The  section  comprises — 

Feefe. 

a.  Laterite  .  .      4  to  6. 

b.  Manganese  ore 8  m  2|. 

0.  Laterite  containing  some  nodnles  of  manganese  ore,  about  6 

d.  Distintegrated  quartz  schist  dipping  at  a  high  angle  (to  bottom  of  shaft)      7 

The  manganese  ore  6,  which,  as  mentioned  in  the  previous  notice  ^  is  pyrolnsite 
mixed  with  some  psilomelane,  occurs  in  the  form  of  irregular  spongy  nodnla^ 
varying  in  size  from  a  fraction  of  an  inch  to  several  inches  diameter,  and  averag- 
ing perhaps  half  an  inch  to  1  or  2  inches.  These  seem  to  constitute  an  irr^^ular 
layer,  which  is  2  feet  thick,  or  rather  more,  at  the  shaft.  It  is  exposed  in 
two  or  three  other  places  within  a  length  of  20  feet.  The  level  varies  somewhat 
even  in  this  short  distance,  and,  as  pointed  out  by  Mr  Medlicott,  the  ore  found 
in  the  village  well,  120  yards  to  the  east,  is  at  a  lower  level  than  that 
at  the  shaft.  This  difference  is,  I  think,  to  be  ascribed  to  the  laterite  (including 
the  ore)  having  been  deposited  on  an  irregularly  denuded  floor  of  Bijdwar  rocks. 

There  is  little  or  no  laterite  of  the  ordinary  (ferruginous)  type  included  in 
the  manganese  stratum,  and  the  separation  between  this  stratum  and  the  laterite 
above  is  tolerably  well  defined  ;  that  between  the  manganese  and  the  laterite  below 
is  not  so  well  marked,  the  laterite  containing  occasional  nodules  of  pyrolusite 
through  it.  The  laterite  above  and  below  the  ore  looks  somewhat  like  the  detrital 
variety,  but  experience  elsewhere  has  led  me  to  believe  that  the  rock  laterite  '  has 
a  tendency  to  disintegrate  into  a  mass  of  irregular  nodular  fragments,  which  bear 

>  Vol.  XU.  p.  99. 

>  Ibid,  p.  100. 

'  By  'rock  laterite '  I  mean  the  first  form  of  laterite  mentioned  on  pafre  117.    The  tern  u  119 
doubt  open  to  criticism^  but  is  convenient  and  senref  {o  avoid  circumlocution. 
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a  very  dose  resemblance  to  the  detrital  form.  Taking  into  aoconnt  tliat  no  dis- 
tinctly foreign  matter  is  visible  in  the  rock  in  question  ;  that  undoubted  rock  late- 
rite  occurs  close  by ;  and  that  the  manganese  ore  is  pyrolusite,  not  psilomelane  (a 
point  to  which  I  shall  allude  again),  I  do  not  think  there  can  be  any  reasonable 
doubt  that  the  laterite,  inclusive  of  the  ore,  is  rock  laterite,  not  detrital.  Such 
IB  the  view  which  Mr.  Medlicott  also  took  :  ^*  This  laterite  is  of  the  older  lype ;  at 
least  in  the  exposed  sections  I  could  not  detect  any  palpable  dehrisy  which  gene- 
TiHy  characterises  the  secondary  or  detrital  laterite.  It  is  therefore  presumable 
that  the  lumps  of  ore  are  in  nate,  and  that  the  manganese  is  an  integral  component 
of  the  laterite  in  this  position."^ 

With  reference  to  the  original  source  from  which  the  manganese  was  derived, 
it  is  I  think  scarcely  open  to  doubt  that  it  is  to  be  sought  in  the  strong  band  of 
manganif  erous  micaceous  iron  which  outcrops  along  the  southern  side  of  the  Lora 
nmge  and  again  at  Gosalpur".  But,  as  I  said  in  the  preceding  paper,  the  man- 
ganese in  this  ore  occurs  mainly,  if  not  entirely,  in  the  form  of  psilomelane, 
while  the  manganese  of  the  laterite  is  mainly  pyrolusite.  The  latter,  therefore, 
cannot  be  the  result  of  mere  mechanical  degradation  and  transport,  unless  it  be 
supposed  that  the  nodules  in  which  the  ore  occurs  are  pebbles,  orig^ally  o£  one 
mineral  which  has  subsequently  been  changed  into  another.  This  mode  of  origin 
is  rendered  very  unlikely  by  the  absence  of  any  other  recognisable  debris  in  the 
Dianganese  stratum. 

If  the  latter  be  not  a  mechanical  deposit,  it  must  be  a  chemical  one.     Carbonate 

of  manganese  being,  like  carbonate  of  iron,  soluble  in  water  holding  carbonic  acid 

in  solution,  the  former  metal  is  capable  of  being  leached  out  and  re-deposited  in  the 

same,  or  nearly  the  same,  way  as  the  latter^.     During  the  deposition  of  the  main 

stratum  of  manganese  ore,  the  water  appears  to  have  held  little  but  manganous 

carbonate  in  solution,  while  at  the  time  the  laterite  below  was  formed,  ferrous 

carbonate  was  the  chief  substfuice  dissolved,  but  with  some  manganous  salt,  the 

manganese  subsequently  separating  itself  into  nodules  by  segregatory  action. 

Specimens  may  be  obtained  consisting  in  part  of  ordinary  laterite,  and  partly  of 

manganese  oxide. 

The  occurrence  of  this  manganese  laterite,  interbedded  with  ordinary  ferrugi- 
noTis  laterite,  furnishes,  I  think,  strong  evidence  in  favour  of  the  view  as  to  the 
origin  of  the  latter  which  I  have  advocated  in  a  former  paper  ^,  namely,  that 
laterite  is  (in  as  far  as  the  iron  is  concerned)  a  chemical  deposit  due  to  the 
leaching  out  and  redeposition  of  iron  through  the  agency  of  decaying  vegetation 
and  the  carbonic  acid  produced  by  its  decomposition.  I  of  course  am  speaking  of 
the  first  only  of  the  three  forms  of  laterite  which  I  believe  are  now  generally 
recognised,  viz : — 

Id. — Laterite  due  to  deposition,  and  excluding  the  Zrd  form. 
2nd. — ^Laterite  due  to  the  alteration  of  other  rocks  in  situ  ^, 

'  Vol.  XII,poge99. 

«  Page  102. 

«  F«fe  Vol  XIV,  page  145. 

«  Ihid,  pagt  139. 

'  Some  examples  of  this  form  are  noticed  in  the  preceding  paper,  pages  97,  98. 
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3r(2.— -Detrital  laterite  due  to  ihe  denudation  and  redeposition  of 
2nd  form. 

With  reference  to  the  amount  of  manganese  ore  obtainable,  it  is 
form  any  decided  opinion.     I  think,  however,  that  there  is  a  fair 
layer  being  somewhat  extensive,  although  very  likely  subject  to  much 
in  level  and  the  amount  of  overburden  covering  it,  and  perhaps  in 
When  there  is  a  demand  for  the  mineral,  the  bed  might  be  followed  from 
diggings,  and  the  superincumbent  latent    utilised  for  road  metal  on 
road  which  passes  close  by. 

It  will  have  been  seen  that  the  reason  why  so  little  ore  was  obtained  | 
shaft  was  that  the  latter  passes  through  the  manganese  stratum  into  qi 
below  it.     The  shaft,  indeed,  merely  exposed  the  thickness  of  the  bed, 
nothing  as  to  its  lateral  extension. 

In  the  preceding  paper  I  have  pointed  out  that  a  considerable 
psilomelane  occurs  with  the  manganiferous  micaceous  iron  at  Gosulpu£J 
latter  were  worked  in  connection  with  iron-making,  the  psilomelane 
raised  at  the  same  time,  and  available  as  an  ore  of  manganese, 
yielded  83'20  per  cent,  of  available  peroxide,  or  about  the  same  amoi 
lateritic  pyroiusite.     From  both  sources  combined  it  may  be  reasonal 
that  a  considerable  supply  of  ore  will  be  procurable  when  there  is  a  d< 
it. 


Further  notes  on  the  Umaria  Coal-field  (South  Retoah  Chndwana  Basin)^\ 
W.  H.  HUQHBS,  A.R.S.M.,    F.G.S.,  Oeological  Survey  oflndi 

In  my  notes  of  last  year  on  the  Umaria  coal-field  were  embodied 
results  inferable  from  the  evidence  afEorded  by  the  preliminary    ei 
carried  out  under  the  management  of    the  Bewah    State :    that  c( 
occurred  in  abundance ;  that  it  lay  at  a  shallow  depth  from  the  si 
a  proved  area  of  1^  square  miles ;  that  it  thickened  to  the  deep  ;  that  tha^ 
was  low  and  advantageous  for  working;  and  that  the  quality  of  the  coi 
outcrop  was  encouraging.  .| 

The  promise  was  a  fair  one,  and  from  the  exceptionally  commanding! 
phical  position  of  the  field  it  required  small  advocacy  to  show  that  if  tU 
ations  based  on  the  introductory  enquiries  were  confirmed,  a  splendid  xfl 
coal  had  been  established.  I  am  happy  to  say  that  Captain  Barr,  the  J 
Agent  of  Bewah,  has  keenly  appreciated  the  exigencies  of  the  case,  and- 
ther  sanction  has  been  obtained  for  carrying  out  such  trials  as  shall  set  atl 
apprehensions  that  prudence  may  give  rise  to.  ' 

I  confess  that  I  have  little  or  no  misgiving  as  to  the  worth  of  the  Umi 
the  adjacent  JohiUa  fields,  and  I  have  belief  enough  in  my  opinion 
it  expression.  But  I  admit  the  necessity  of  verification ;  and,  in  viei 
important  issues  dependent  upon  the  true  practical  estimate  of  these  i 
strongly  commend  the  course  that  had  been  suggested  of  reducing  to  its  ni 
limits  the  margin  of  uncertainty  regarding  the  nature,  quality,  and  permN 
their  seams. 
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To  achieve  this  object  it  was  determined  that  the  coal  should  be  approached 

under  the  ordinary  conditions  of  approved  mining.     There  were  two  plans  open 

«-    -^  ,  ^      .    ,  for  adoption,  either  to  drive  an  incline  from  the  outcrop,  or 

obaft  determmed  upon.  .  '  __  . 

to  sink  a  shaft  to  the  seam«  The  second  method  was  pre- 
ferred, as  being  in  every  sonse  more  workman-like,  and  as  afEording  more  scope 
for  efiBcientlj  dealing  with  an  influx  of  water ;  and  on  the  11th  March  1883,  a  pit 
of  10  feet  internal  diameter  was  commenced  under  the  charge  of  Mr,  Thomas 
Forster,  M.E. 

The  position  of  the  pit  is  near  No.  8  bore-hole,  where  Mr.  Stewart  struck  coal 

at  93  feet  from  the  surface  and  recorded  the  thickness  of 

coid'rf^No  °8  Who^*    *^®  ^®*™  ^  ^^  ^®®*-     "*•  ^^  a  strong  wish  to  go  further 

to  the  deep  towards  No.  9  bore-hole,  but  I  was  deterred 
by  the  dread  of  crater,  and  the  possibly  heavy  outlay  that  would  have  to  be 
incarred  for  pumping  machinery. 

In  an  untried  field  it  is  always   impossible  to  gauge  the  water  difficulty,  and 
1  selected  the  spot  for  the  trial  shaft    where  I  anticipated  the  least  amount  of 
inconvenience  on  this  score.     The  choice  has  been  up  to  the  present  justified  by 
^  the  results,  for  though  the  shaft  is  40  feet  deep  one  work- 

man occasionally  bailing  suffices  to  keep  it  dry.  Should 
the  pleasant  expectation  that  this  fact  gives  rise  to  be  strengthened  by  further 
experience,  I  would  certainly  recommend  another  pit  near  No.  9  bore-hole 
being  put  down.  In  the  future  development  of  the  field,  it  would  act  as  a 
ventilation  channel ;  and  in  the  initiatory  stage  it  would  yield  another  point  where 
the  quality  of  the  coal  might  be  judged. 

According  to  the  journals   of  last  year,   two  seams  measuring  respectively 

10  feet  and  6  feet  were  passed   through  iu  No.  9  boring, 
and  I  remember  that  the  coal  brought  up  in  the  sludger  was 
very  clean  and  bright.     The  section  of  the  hole  is  as  follows : — 

No.  9  bore-hole  — 

1.  Black  sarface  soil 1'  0^ 

2.  Brown  sandy  soil  .........  7*  0^ 

3.  Brown  sandstone                      .                           .                  .         .  9'  0" 

4.  Red  sandstone 30'  0" 

5.  Carbonaceous  shaly  sandstone           .         .         .         •         •         .  8'  0" 

6.  Carbonaceous  sandstone           .         .         .         .         .         .         .  13'  0" 

7.  Coal 2^0^ 

8.  Carbonaceous  shale          .         •         .         .         .         .         .         .  1'  0" 

9.  Carbonaceous  shaly  sandstone                     .         .         .         .         .  3'  0" 

10.  Coal icy  ff' 

11.  Carbonaceous  shaly  sandstone           .         .         .         .         .         .  8'  0^ 

12.  Carbonaceous  shale         ........  1'  0" 

13.  Coal 2^  <y 

14.  Carabonaceous  shale       .                                                                .  1'  0" 

15.  Coal 6*  (T 

Total  92'  0" 
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Aa  the  trial  shaft  has  not  yet  reached  coal,  I  have  not  much  to  comi 
upon ;  but  I  wonld  explain  that  a  more  favourable  record  of  labour  could 
been  shown  had  local  skilled  artizans  been  available,  and  had  not  vexa 
delays  occurred  in  procuring  and  transporting  the  mining  plant,  and  in  gatht 
together  the  necessary  building  materials.    It  has  also  been  a  misfortune 
Mr.  Forster  was  continuously  indisposed,  and  that  his  illness  at  one  time  w 
aggravated  that  he  had  to  go  tp  Jabalpur  for  European  medical  advice, 
withstanding  all  these  drawbacks,  very  fair  progress  has  been  made  ;  and 
pared  with  the  experience  during  the  early  days  in  the  Wardha  Valley  coal- 
there  is  considerable  room  for  congratulation. 

The  main  operations  are  those  in  connection  with  the  shaft  and  the  worlt 
that  will  be  extended  from  it ;  but  in  order  to  gain  some  immediate  inf ormi 
respecting  the  seam,  and  at  the  same  time  win  a  little  coal  for  night  fires,  so 
fires,  limestone  burning  and  brick  burning,  a  narrow  6-feet  incline  was  di 

down  to  the  deep  from  the  quarry  made  ladt  year.     It 
Incline  6'  wide.  y^^  advanced  a  distance  of  20  yards.     Throughout 

length  the  seam  retains  nearly  the  thickness  that  it  has  at  the  outcrop,  and 
comparison  I  give  the  sections  that  are  seen  at  the  extreme  ends  of  the  incUi 

Oatcrop  (1882).  Heading  (1888). 

(a)  Coal  hard 6*  10" 

(b)  Stony  band 1"  1*" 

(c)  Coal  bright 6"  7" 

(d)  „    hard 7"  6" 

(e)  „    bright 6^  6" 

(/)  n    hard 4"  U" 

is)  Stone  Und 2"  i" 

(h)  Coal  hard 2'  0"  2'  0* 

4'  8"  A!  84" 

Mr.  Forster  says  that  the  coal  works  easily,  and  that  there  is  a  thin  ban 

soft  shale  under  the  bottom  of  the  seam  which  will 
r.     on     8  opinion    jj^^t^  pricking,  and  so  reduce  very  materially  the  am 

of  waste.  The  roof  is  an  excellent  one,  and  not  a  si 
stick  of  timber  has  been  required  to  support  it.  This  is  a  most  ^vourable  fat 
in  the  estimation  of  the  seam,  for  when  a  roof  is  bad  the  expenditure  unde: 
heading  of  timber  forms  a  considerable  item.  With  respect  to  the  quality 
bottom  2  feet  and  the  bright  coals  are  excellent ;  but  the  hard  band  lettered 
and  which  varies  in  thickness,  would  have  to  be  picked  out,  as  it  clinkers 
easily.  The  addition  to  the  cost  of  getting  the  coal  that  this  picking  w 
entail  might  be  set  down  at  quarter  of  an  anna  a  ton. 

The  operations  are  not  sufficiently  advanced  yet  to  yield  facts  on  which  to 
conclusive  inferences  ;  but  I  may  venture  to  say  that  the  aspect  of  affair 
to  the  present  is  iiot  discouraging. 

The  amount  so  far  expended  on  the  works  and  establishment  is  Rs.  8, 

and  a  further  sum  of  Bs.  10,000  has  been  allowed  for 
liixpen   tare.  completion  of  the  enquiry,  including  the  raising  of 

tons  of  coal. 
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At  a  small  additional  cost  tbe  Johilla  valley  seams  can  be  tested,  as  the 

necessary  machinery  and  other  plant  will  be  at  hand,  and 
'^^*'^-         trained  men  wiU  be  available.    I  would  strongly  nrge  that 
these  seams  be  not  overlooked,  and  a  less  elaborate  method  of  procedure  to  that 
adopted  in  the  Umaria  field  may  be  followed. 

A.  period  of  six  or  seven  months  onght  to  be   qnite  time  enough  in  which  to 
x-j'  out  the  plans  now  in  hand,  and  by  the  end  of  the  next  working  season,  I 
we  shall  be  able  to  give  practical  answers  to  all  practical  questions. 

Umaria, 
2^rd  May  1882. 


DONATIONS  TO  THE  MUSEUM. 

Donors, 
from  Kywaisiog,  Henzada,  Banna. 

Thb  Chiif  Couuissionbb,  Bubua. 

Eerous  qaartz  from  various  localities  in  tbe  Kilgiri  district,  Madras. 

B.  BbOUGH  SlCYTH. 

'Kck^'toDe  from  Mt.  Bischof,  Tasmania. 

W.  G.  Olphbbts. 

Be^vlandite  from  Dumbartonshire,  and  two  concretions  from  tbe  Permian  limestone  of 
Sunderland. 

Db.  G.  Watt. 

hematite,  micaceous  iron,  and  limonite  from  tbe  Jabalpor  district,  with  a  bloom  of  iron 
smelted  from  each  ore ;  also  pyrolusite  from  Gosulpur. 

W.  G.  Olphbbts. 

^Xab  of  Bhanrer  sandstone  with  dendritic  markings,  from  near  Satna,  £.  I.  B. 

G.  Pbddib. 

in  a  ferruginous  matrix,  from  Queensland. 

G.  Nevill. 
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Fboh  1st  Jaituabt  to  31st  Mabch  1883. 
^«i  of  Books,  Donors, 

^CH  HiBBHANV.^^logiscbe  Forscbungen  in  den    Eaukasiscben  Landern.    Tbeil  II, 
with  Atlas  (1882),  4to.  <&  fol.,  Wien. 
Bronx's. — Klassen  und  Ordnungen  des  Thier-Beicbs. 

Band  I,  Protozoa,  lief.  14—19. 

Band  VI,  Abtb.  Ill,  Reptilien,  Lief.  36  (1882),  8?o.,  Leipzig. 
^-A^XLLivi,  G. — Congr^s  G^ologique  International.  2me  Session,  Bologue,  1881,  (1882),  8vo., 

pht,,  Bologne. 

Thb  Authobs 

"^talogne  of  the  Jeypore  Exhibition  for  Indian  Raw  Produce,  Arts  and  Manufactures  (1883), 

8vo.,  Calcutta. 

Thb  Hont.  Sbct. 

^^^CB,  Abtsub  Hbbbbbt.— Laboratory  Guide   for  Agricultural  Students,  6th  Edition 

(1882),  8vOn  London. 
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Desoriptive  Oatalogue  of  Articles  exhibited  at  the  Calcutta  Exhibition  of  Indian  Art  Mana- 

factures,  1882,  held  at  the  Indian  Museum  in  January  1882,  (1883),  flsc., 

Calcutta. 

Thb  Sbcrbtabt* 

Dbwalqub,  M.  6. — Sur  la  nouvelle  note  de  M.  £.  Dupont  conoemant  sa  revendication  de 

priority  (1882),  8vo.,  pht.,  Bruxelles. 

Thb  Authob. 
DuTTON,  C.  E. — Report  on  the  Geology  of  the  High  Plateaus  of  Utah,  with  Atlas,   (1880X 

4to.,  Washington. 
Hbbb.  Db.  Oswald.— Flora  Fossilis  Aictica,  Band  VI,  Abth.  2  (1882),  4to.,  Ziirich. 
HoFFXBiSTBB,  Db.  Wbbvbb. — Travels  in  Ceylon  and  Continental  India,  including  Nepal 

and  other  parts  of  the  Himalayas,  to  the  borders  of  Thibet   (1848),  8vo.,. 
Edinburgh. 
Ebanb,  Augustus  H. — Asia,  with  Ethnological  Appendix  ;    edited  by  Sir  Richard  Tempi* 

(1882),  8yo.,  London. 
Lasaulx,  Db.  A.  Yov. — Elemente  der  Petrographie  (1875),  8yo.,  Bonn. 
NoYAK,  Db.  0. — Studien  an  Hypostomen  Bohmiscber  Trilobiten  (1880),  8vo.,  Prag. 

Thb  Authob^ 
„  Fauna  der  Cyprisscbiefer  des  Egerer  Terti&rbeokens  (1877),  8vo.,  Vienna. 

Thb  Authob^ 
„  Ueber  Gryllacris  Bohemica  einen  neuen  Locastidenrest  aus  der  Steinkohlen- 

formation  von  Stradonitz  in  Bohmen  (1880),  8yo.,  Wien. 

Thb  Authob. 

„  Bemerkungen  zu  Kayser's  "  Fauna  der  JUteren  Devon-Ablagermngen  dm 

Harzes  "  (1880),  8vo.,  Wien. 

Thb  Authob 
„  Beitrag  zur  Eenntniss  der  Bryozoen    der  Bohmischen  Eriedeformatio]:: 

(1877),  4to.,  Wien. 

The  Authob 

„  Ueber  Bohmiscbe,  TbUringische,  Greifensteiner  and  Harzer  Tentaculitec 

(1882),  4to.,  Wien. 

Thb  Authob; 
QuBNsTBDT,  Fb.  Auo.— Handbucb  der  Petrefaktenkunde.    Auflage  3,  Lief  6— 7  (1882),  4toP 

Tubingen. 
„  Petrefactenkunde  Deutsohlands,    Band  VII,  hefb  8,  Gastropodei 

(1882),  8yo.,  Leipzig. 
RiMSiY,  Albxakdbb. — Rudiments  of  Mineralogy,  2nd  Edition  (1874),  8yo.,  London. 
Rbnault,  M.  B. — Cours  de  Botanique  Fossile.    Ann^e  III,  Foug^res  (1883),  8?o.,  Paris. 
RicHTHOFBN,  Babon  F.~The  Natural  System  of  Volcanic  Rocks,  Vol  I  (1868),  4to.,  SaJ 

Francisco. 
RoBBNBUBCH,  H. — Mikroskopische  Physiograpbie  der  Massigen  Gesteine  (1877),  Sye.,  Siut^ 

gart. 
The  Norwegian  North- Atlantic  Expedition,  1876-1878,  VIII  Zoology ;  MoUusca  I,  Buccinid^ 

by  Herman  Freile ;  IX  Chemistry  by  Ludwig  Schmelck  (1882),  4to.y  Chri^ 
tiania. 

Edl.  Comubb.,  Nobwboian  Nobth-Altintig  Expbditio^ 

ZiBKBL,  Db.  Fbbdinand. — Untersuchungen  Uber  die  Mikroskopisobe  Znsammensetzung 

Structur  der  Basaltgesteine  (1870),  8yo.,  Bond. 
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TUle$  of  Books.  Donors. 

ZiTTBL  ,Kabl.  a. — Handbacb  der  Palffontologie,  Band  I,  Abth.  II,  Lief  2  (1882),  8vo., 

Munchen. 

PERIODICALS,  SERIALS,  Ac. 

Annalender  Plijsik  and  Chemie,  Neoe  Folge,    Band  XVII,  No.  13,  &   XVIII,  Nos.  I— 

(1882.83),  8vo.,  Leipzig?. 
Anziales  des  Mines,  8me  S^rie,  Vol.  I,  livr.  4  (1882),  8vo.,  Paris. 

L'AdMIKS.  DBS  MiNBB, 

AiiTiales  des  Sciences  Natarelles,  6me  S^rie,  Botaniqoe,  Tome  XIV,  Nos.  4  to  6,  &  XV,  No.  1, 

(1882-83),  8vo.,  Paris. 
Annals  and  Mafrazine  of  Natural  History,  6th  Series,  Vol.  XI,  Nor.   61—63   (1883),  Svo. 

London. 
Atbenenm,  Nos.  2876—2888  (1882-83),  4to.,  London. 
Beiblatter  zu  den  Annalen  der  Physik  und  Chemie,  Band  VI,  Nos.  11  &  12 ;  VII,  No.  1, 

(1882-83),  Svo.,  Leipzig. 
Bibliotb^ae  Universelle.  Archives  des  Sciences  Physiques  et  Natarelles,  3me  P^riode,  Tome 

VIII,  Nos,  9—11  (1882),  8?o.,  Geneve. 
Kblioth^ae  Uniyerselle  et  Revae  Saisiie,3me  P^riode,  Tome  XVI,  Nos.  47  &  48  ;  XVII^ 

No.  49  (1882-83),  8vo.,  Lausanne. 
BotaQisches  Centralblatt,  Band  XIL  Nos.  9—13,  and  Xm,  Nos.    1—7  (1882-83),  8vo., 

Caisel. 
Chemical  News,  Vol.  XL VI,  Nos.  1202—1206;  andXLVII,  No.  1206—1214  (1882-83),  4to., 

London. 
Colliery  Guardian,  Vol.  XLIV,  Nos.  1144—1148 ;  and  XLV,  Nos.  1149—1156  (1882-83), 

foU  London. 
I>a«  Ausland.    Jahrg.    LV,  Nos.  49—52  ;  and  LVI,  Nos.  1—8  (1882-83),  4to.,  Miinchen. 
Geological  Magazine,  New  Series,  Decade  II,  Vol.  IX,  No.  12.;  and  X,  Nos.  1—3  (1882-83), 

Bvo.,  London* 
^w>n.  Vol.  XX,  Nos.  617—520  ;  and  XXI,  Nos.  521—629  (1882-83),  fol.,  London. 
Joiurnal  de  Conchyliologie,  3me,  S^rie,  Tome  XXII,  No.  3  (1882),  8vo.,  Paris. 
•Journal  of  Science,  3rd  Series,  Vol  IV,  No.  108  ;  and  V,  No.  109  (1882-83),  8?o.,  London. 

The  Editob. 
JU8T,   Db.  Lbop.— Botanischer  Jabresbericht,  Jahrg.  VI,  Abth.  II,  heft  4  and  5  ;and  VII, 

Abth.  II,  heft  2  (1882-83),  8vo.,  Berlin. 
^ndon,  Edinburgh,  and  Dublin  Philosophical  Magazine,  and  Journal  of  Science,  5th  Series, 

Vol.  XV,  Nos.  91—93  (1883),  8vo.,  London. 
fining  Journal,  with  Supplement,  Vol.  LII,  Nos.  2467—2471  ;  and  LIII,  Nos.  2472—2479, 

(1882-83),  foL,  London. 
^*tur»  Novitates,  Nos.  24—25(1822),  and  Nos.  1—4  (1883),  (1882-83,)  8vo,  Berlin. 
^^tui-e.  Vol.  XXVII,  Nos.  684—696  (1882-83),  4to.,  London. 
^^ues  Jahrbuch  for  Mineralogie,  Geologie  und  Palaeontologie,  Jahig.  1883,   Band  I,  heft  I 

(1883),  Svo.,  Stuttgart. 
„  n  Beilage-Band.  heft  2  (1882),  8vo.,  Stuttgart 

^^Ic^ntographica,  Band  XXIX,  lief.  2  (1882),  4to.,  Cassel. 
^«terxnann's  Geographische  Mittheilungen,  Band  XXVIII,  No.  12  ;  and  XXIX,  Nos.  1—3, 

(1882-83),  4to.,  Gotha. 
^*^^^<t;erly  Journal  of  Microscopical  Science,  New  Series,  Vol.  XXIII,  No.  89  (1883),  Sro., 
J  London. 

^^^«l8iaa  Beoord  for  1881,  Vol.  XVIII  (1882),  8vo.,  London. 
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GOVEBNMENT  SELECTIONS,  REPORTS,  &c. 

Bombay. — Report  on  the  AdministratioD  of   the  Bomhaj   Freeidencj  for  1881-82  (1882)f 

8vo.,  Bombay. 

BOKBAY  OOTSBNVBKT. 

Bbitish  Bubxa. — ^Report  on  the  Administration  of  Brititih  Bnrma  daring  1881-A2  (1882), 

flsc.,  Rangoon. 

Chibf  Commissiohbb  of  Bbitish  Bubxa. 
IlTDiA.— Catalogne  of  hooka  in  the  Library  of  the  Intelligence  Branch  of  the  Quarter  Master- 
General's  Dept.  in  India.  Fart  I,  Nominal  Order,  with  Aooesaions  to  SOth- 
June  1882.  Part  II,  Classified  Order  (1882),  Sto.,  Simla. 

QuAB.  Mastbb  Gbvl.,  Ihtbll.  Bbanch. 

„  Extract  from  General  Walker's  Report  on  the  Operations  of  the  Survey  of  IndisH 
for  the  year  1881-82.  The  Earthquake  on  the  Slst  Deeember  1881  (1882)= 
flsc.,  Calcutta. 

SiTBTBYOB  GbNBBAL  OF  Il9DIA   -. 

,,  Indian  Meteorological  Memoirs,  Vol.  IT,  part  1  (1882),  4to.,  Calcutta. 

Mbtbobolooical  Rbfobtbb  to  Gott.  OF  Ikdia^ 
„  Registers  of  Original  Obserrations  in  1882,  reduced  and  corrected,  January  anc 

February  1882  (1882-83),  4to.,  Calcutta. 

Mbtbobolooical  Rbfobtbb  to  Gk>TT.  of  India.- 

„  List  of  Officers  in  the  Survey  Departments  on  1st  January  1883   (1883),  flsc^ 

Calcutta. 

Rbv.  and  Aobi.  Dbfit. 
„  Robs,  Libut.  Col.  E.  C. — ^Report  on  the  Administration  of  the  Persian  Gul'tf 

Political  Residency,  and  Muscat  Political  Agency  for   the  year  1881-8S 

(1882),  8vo.,  Calcutta. 

FOBBIGN  DbPABTMBNP. 

Madbas.  —Report  on  the  Admioistration  of  the  Madras  Presidency  during  1881*82  (1882)^ 

8yo.,  Madras. 

Madbas  Ctoyt. 
N.  W.  Pbovinces.— Whitb,  Edmund. — Report  on  the  Census  of  the  N.  W.  Provinces  and 

Oudh,  1881  (1882),  flsc,  Allahabad. 

Gott.  N.  W.  P.  and  Oudh. 
„  „  Do.        do.        and  Supplement  (1882),  flsc.,  Allahabad. 

Rbt.  and  Agbi.  Dbft. 
Punjab. — Report  on  the  Administration  of  the  Punjab  and  its  Dependencies  for  1881-82 

(1882),  8vo.,  Lahore. 

Punjab  Govt. 

TRANSACTIONS,  PROCEEDINGS,  Ac,  OF  SOCIETIES,  SURVEYS,  Ac. 

AicsTBBDAM. — Jaarbock  Tan  het  Mijnwezen  in  Nederlandsch  Oost-IndiS,  Jahrg.  XI,  No.  2 

(1882,)  Svo.,  Amsterdam. 

Nbthbblandb  Colonial  Dbpabtxbnt. 
Babbl. — Verhandlungen  der  Naturforschenden  Gesellschaft  in  Basel,  Vol.  II,  heft  2,  pp. 

137— 168,  and  heft  3,  pp.  249— 29C    (1859),  8to.,  Basel. 

Thb  Socibtt. 
Bbblin.— Sitzungsberichte  der  Eoniglioh.  Preussischen  Akademie  der  Wissenschaftea  in 

BerUn,  I— XYII  (1882),  4to.,  BerUn. 

Thb  AcADBflnr. 
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Tm0§ffBooh$,  Ihnort. 

Xittiir.— Zatiohrift  d«r  DeutMhen  OeologisoheD  OesellBchaft,  Band  XXXIY,  heft  3  (1882), 

8T0f  Berlin. 

Thb  Socibtt. 

SoMBAT.— Jonraa]  of  the  Bombay  Branch  of  the  Royal  Asiatic  Society,  Vol.  XV,  No.  40, 

(1883),  8^0.,  Bombay. 

Thb  Sooibtt. 

^XofTOir."— Proceedings  of  the  American  Academy  of  Arts  and  Sciences,  New  Series,  Vpl.  IX 

(1882),  8vo^  Boston. 

Thb  Aoapbmt- 

Memoirs  of  the  Boston  Society  of  Natoial  History,  Yd.  Ill,  Nos.  4—6  (1882), 
4tou,  Boston. 

Thb  Sooibtt, 

n  Proceedings  of  the  Boston  Society  6i  Natural  Hi^ry,  VoL  XXI,  parts  2—3 

(1882),  8yo.,  Boston. 

Thb  Socibtt. 

Bbbslau. — ^Nennnndfnnfzigster    Jahres-Bericht  der  Schlesischen  Gesellsohaft  fur  Vaterlan 

dische  Cnltor  fiir  1881  (1882),  8vo.,  Breslau. 

Thb  Socibtt. 

Bbussbu.— Bolletiii  de  k  Soci^ttf  Boyale  Beige  de  Geographic,  Anntfe  YI,  No  5  (1882), 

8vo.,  Brozelles. 

Thb  Socibtt. 

H  Bulletin  du  Mustfe  Boyale  d'Histoire  Natorelle  de  Belgiqne,  Tome  1, 1882. 

Nos.  2—3  (1882),  8yo.,  Broxelles. 

Thb  Musbuu. 

„  Extraitdn  Bulletin  du  Mus^  Boyale  d'  Histoire  Naturelle  de  Belgique,  Tomli 

I  (1882),  8yo.,  Bruzelles. 

Thb  MiTBBUv. 

„  Mus^e  Royale  d'  Histoire  Naturelle  de  Belgique.  Service  de  la  Carte  G^logique 

du  Boyaume.  Explication  de  la  Feuille  de  Ciney,  par  £•  Dupont  et  Michel 
Mourlon.  With  foL  maps  (1882),  8yo.,  Bruxelles. 

Thb  Musbuh. 

„  Proc^-Yerbal  de  la  Sod^ttf  Royale  Malacdogique  de  Belgique,  pp.  LXXY- 

CLIY  (1882),  8yo.,  Bruzelles. 

Thb  Socibtt. 
vfALO— Bulletin  of  the  BufEalo  Society  of  Natural  Sciences,  Yol.  lY,  No.  3  (1882),  8to., 
Buffalo. 

Thb  Socibtt. 
UTKA.— Journal  of  the  Asiatic  Society  of  Bengal,  New  Series,  Vol.  L,  Extra  No.  to 
Part  I  (1882),  and  YoL  LI,  Fart  I,  Nos.  3  and  4^  and  Part  II,  Nos.  2—4 
(1882*^),  8yo.,  Calcutta. 

Thb  Sooibtt. 
Proceedings  of  the  Asiatic  Society  of  Bengal,  Nos.  IX-X  (1882),  and  No.  I 
(1883),  (1882-83),  8yo.,  Calcutta. 

Thb  Socibtt. 
Memoirs  of  the  Geological  Survey  of  India,  YoL  XIX,  Part  3  (1883),  Svo., 
Calcutta. 
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TUUi  of  Booki.  Domr9 

Caicvtta.— Palsontologia  Indica,  Series  XH,  VoL  lY,  Purt  1 ;  Series  XIII,  Vol.  I,  Ftot  4, 

fase.  1 ;  Series  XIY,  Vol.  I,  Part  3,  fasc  2 :  and  series  X,  YoL  II,  Part  4 

(1882),  4to.,  Calcutta. 

GsoLoeiCAL  SuBvET  ov  Ihdia. 

„  Records  of  the  Geological  Survey  of  India,  YoL  XYI,  pt  1  (1883),  8vo.,  Calcatta. 

Gbologicil  Subtbt  of  Ikdia. 
Report  of  the  Archsological  Surrey  of  India,  YoL  XY  (1882),  8to^  Oalcntta. 

Home  Depabticbiit. 
CucBBiDOB.  Mass. — Annual  Report  of  the  Curator  of  the  Mnsenm  of  Comparative  2k>ology 

for  1881-82  (1882),  Svo.,  Cambridge. 

Thb  Mubbuu  of  Compabatitb  Zoology. 
Cambbidob,  Mass. — Memoirs  of  the  American  Academy  of  Arts  and  Sciences,  New  Series, 

YoL  X,  Part  8  (1882),  4to.,  Cambridge. 

Thb  Acadbxt. 

CoFENHAOBV.— M^moires  de  1'  Academic  Royale  de  Copenhagne,  6me  Serie,  YoL  I,  Nos.  6^ 

8,  and  II,  No.  3  (1882),  4to.,  Copenhagen. 

The  Acadbxt. 

„  Oversigt  over  det  kong.  danske  Yidenskabemes  Selskabs,  Na  2  (1882),  8vOi, 

Copenhagen. 

The  Acadbht.. 

Dbhba  Duir. — Account  of  the  Operations  of  the  Great  Trigonometrical  Survey  of  India^ 

Yols.  YU  and  YIII  (1882),  4to.,  Dehra  Dun. 

Gee  AT  Tbigonometbical  Sitbtey  of  Ikdia* 
Dbesdbn.— Sitzungsberichte  und  Abhandlungen  der  Naturwissenchaftliehen  GesellschafU 

Isis  in  Dresden,  Jahrg.  1882,  Juli  bis  Dec.  (1883),  8vo.,  Dresden. 

The  8ocibtt» 

Edinbubgh. — Proceedings  of  the  Royal  Society  of  Edinburgh,  YoL  X,  Kos.  104 — lOS 

(1878-80),  8vo..  Edinburgh. 

The  Society* 

Glabus.— Yerhandlungen  der  Schweizerischen  Naturforschenden  Gesellschafl  in  I^itifK^I^ 

65  Jahresversammsung  Jahresbericht  1881-82  (1882),  8vo.,  Glarus. 

The  Society. 
Glasgow. — Proceedings  of  the  Philosophical  Society  of  Glasgow,  YoL  XIII,  No.  2  (1882), 

8vo.,  Glasgow. 

The  Socibtt. 
Habbisbubo* — Second  Geological  Survey  of  Pennsylvania :  Report  of  Progress  T*.    Tho 

Geology  of  Bedford  and  Fulton  Counties,  by  J.  J.  Stevenson  (1882),  8vo., 
Harrisburg. 

PbOF.  J.  J.  STBYEKSOir. 

Hobabt  ToWB.—Monthly  Notices  of  Papers  and  Proceedings  and  Reports  of  the  Royal 

Society  of  Tasmania  for  1879  to  1881  (1880-82),  8vo.,  Hobart  Town. 

The  Societt* 
LoBDOB. — Journal  of  the  Anthropological  Institute  of  Great  Britain  and  Ireland,  YoL  XTT^ 

No.  2  (1882),  8vo.,  London. 
„         Journal  of  the  Royal  Asiatic  Society  of  Great  Britain  and  Ireland,  New  Series^ 

YoL  XIY,  pt  4  (1882),  8vo.,  London. 

The  Socibtt* 

„         Journal  of  the  Society  of  Arts,  YoL  XXXI,  Nos.  1568-1580  (1882-83),  Bwo^ 
London* 

Tbb  Socibtt* 
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^}mU9  qf  Books.  Lonori, 

XiOHDON. — ^List  of  Fellows  and  Honorary  Members  of  the  Geological  Sociely  corrected  to 

let  NoTember  1882  (1882),  8vo.,  London. 

The  Societt. 

Quarterly  Journal  of  the  Geological  Society,  Vol.  XXXHII,  Part  IV,  No.  152 

(1882),  8vo.,  London. 

Thb  Socibtt* 

Proceedings  of  the  Royal  Geographical  Society  and  Monthly  Record  of  Geography, 

New  Series,  Vol.  IV.Nos.  11-12;  and  V,  No.  1  (1882-83),  8vo.,  London. 

Thb  Socibtt, 

9,         Proceedings  of  the  Zoological  Society  of  London  for  1882,  Part  III  (1882),  8vo., 

London. 

Thb  Socibtt. 

M         Transactions  of  the  Zoological  Society  of  London,  Vol.  XI,  pt.  7  (1882),  4to., 

London. 

The  Socibtt. 

Maj>bid. — Bdetin  de  la  Sociedad  Geographica  de  Madrid,  TomeXUIy  Nos.  5,  6  (1882),  8vo., 

Madrid* 

The  Socibtt. 

Majtcebsxeb. — Transactions  of  the  Manchester  Geological  Society,  Vol.  XVII,  Parts  I— lY 

(1882-83),  8to.,  Manchester. 

The  Socibtt. 

Me&bovbkb. — Reports  of  the  Mining  Surveyors  and  Registrars  for  quarter  ending  30th 

September  1882,  (1882),  flsc,  Melbourne. 

MiKiNO  Depabtxbnt,  Victoblu 

HiVKBAPOLis. — Bulletin  of  the  Minnesota  Academy  of  Natural  Sciences,  Vol.  II,  Nos.  2,  3 

(1881),  8yo.,  Minneapolis. 

The  Agadekt. 

Moscow.— Bulletin  de  la  Soci^t^  Imp^riale  des  Naturalistes  de  Moscow,  Ann^  1881,  No. 

4,  and  1882,  No.  1  (1882),  8vo.,  Moscow. 

The  Socibtt. 

„         Table  G^n^rale  et  Systematique  des  Mati^res  du  Bulletin  de  la  Soci^ttf  Imperial* 
des  Naturalistes  de  Moscow,  Annies  1829-81  (1882),  8yo.,  Moscow. 

The  Socibtt. 
Niw  Zbalajtdw — Catalogues  of  the  New  Zealand  Diptera,  Orthoptera,  Hymenoptera,  with 

descriptions  of  the  species  (1881),  8yo.,  New  Zealand. 

Colonial  Musbuk,  New  Zealajti). 
„  Reports  of  the  Geol(^ical  Explorations  during  1881,  with  Maps  and 

Sections  (1882),  8yo.,  New  Zealand. 

Colonial  Musbum,  Nbw  Zealand. 
^^ta.— -Bulletin  de  la  Soci^ttf  G^logique  de  France,  3me.  S^rie,  Tome  X,  Nos.  I,  3 — 6 ; 

Vn,  No.  11 ;  Vm,  No.  7  (1878-82),  8vo.,  Parii. 

The  Socibtt. 

^lODElFElA.— Journal  of  the  Franklin  Institute,  3rd  Series,  Vol.  LXXXIV,  No.  6; 

LXXXV,  Nos.  1-2  (1882-83),  8yo.,  Phikdelphia. 

The  Institute. 
n  Proceedings  of  the  American  Philosophical  Society,  Vol.  XX,  Noe.  110, 

111  (1881.82),  8to.,  Philadelphia. 

Thb  Socibtt. 
^iu*^Atti  della  R.  Accademia  del  Linoei,  3rd  Series,  Transonti,  Vol  VII,  faso.  1—3 
(1882),  4to.,  Rome. 

Thb  Acapbict. 
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f%tlei  of  BoohS'  Domort. 

8t.  PBTXBSBtTBa.-^Beitrage  znr  kenntniss  dee  BuMiBohen  Reichet  vnd  der  Ang^renzendeo 

Lander  Asiens,  2nd  Series,  Band  Y,  with  AtlaB  (189i)»  8to^  St.  Petersbourg. 

Thb  Imfbbial  Acadbmt. 

„  M^moires  de  L'  Acad^mie  Imp^riale  des  Sciences  de  St.  Petersbonrg     -^, 

Tome  XXX,  Nob.  4  and  6—8  (1882),  4to.,  St  Petersbonrg.  "^ 

Thb  Aoadb] 

Stdkby. — ^Annnal  Beport  of  tbe  Department  of  Mmes,  New  Sonth  Wales,  for  the  year 

(1881),  4to.,  Sydney. 

Thb  Socibt^ 

Journal  of  the  Royal  Sooiety  of  New  South  Wales,  1881,  Vol  X¥  (1882), 

Sydney. 

Thb 
New  South  Wales  in  1881  (1882),  8to.,  phlt^  Sydney. 

Thb  SociBcrr-r. 
M  The  Minerals  of  New  Sonth  Wales,  by  Archibald  Liversidge,  2nd  Edition  (188^Sj, 

4to.,  Sydney. 

Thb  Socumrr. 
ViBVjrA.— Abhandlnngen  der  K.  K.  Geol.  Beichsanstalt,  Band  YII  and  X  (1882),  4ta,  WI^^q. 

Thb  lysm'u  ari. 
„         Jahrbnch  der  E.E.  Geologisohen  Beichsanstalt,  Band  XXXII,  2-3  (1882),  4fto, 
Nos.  Wien. 

Thb  lK8TITC7T!t.        Mi 

„         Verhandlangen  der  E.  K.  Geologischen  Beichsanstalt,  Nos.  14 — ^17  (1882),  and      g^ 

No.  1  (1883),  (1882-83),  8?o.,  Wien. 

Thb  iRSTiTun. 

Washikotok.^ Annual  Beport  of  the  Commissioner  of  Agriculture  for  1880,  (1881),  8vo, 

Washington. 

DbFABTMBITT  of   AaBICULTUBB,  WABHIirOTOJr. 

„  Xist  of  Foreign  Correspondents  of  the  Smithsonian  Institution  corrected  to 

January  1882,  (1882),  8vo.,  Washington. 

Thb  LrenruTB. 

„  PowBLL,  J.  W.— First  Annual  Beport  of  the  Bureau  of  Ethnology  to  the 

Secretary  of  the  Smithsonian  Institute,  1879-80,  (1881),  8to.,  Washington. 

Thb  Ivstitutb. 
„  Smithsonian  Contributions  to  Knowledge,  Vols.  XXII-XXIII  tl880^1)» 

4to.,  Washington. 

Thb  Ikstituii. 

„  Smithsonian  Miscellaneous  Collections,  Vols.  Xvll  to  IHTT  (1880-81),  8vo^ 

Washington. 

Thb  Ikstitutb. 

„  Beport  upon  United  States  Qeographioal  Surreys  west  of  the  lOOdth  JferU 

dian,  Vol.  Ill,  Supple.,  Geology  (1881),  4to.,  Washington. 

Captain  Gbo.  M.  Whbblxb«-' 
„  STBVB17S0N,  Prof.   JoHK  J. — Beport  upon    Geological    ExaminatioDS  ii 

Southern  Colorado  and  Northern  New  Mexico  during  tiie  years  1878 

1879,  (1881),  4to.,  Washington. 

Pbof.  J.  J.  Stbtbbso] 

„  United  States  Geological  Exploration  of  the  40th  Parallel.  XDdontomithes,  b. 

Othniel  Charles  Marbh  (1880),  4to.,  Washington. 

Thb  Umtbd  Statbs  Gbological  Subti' 

im,  1S83. 


RECORDS 


OF   THB 


GEOLOGICAL  SURVEY  OF  INDIA. 


8.]  1883.  [August. 


On  the  microscopic  stmcture  of   some  Dalliousie  rocks — By  Colonel  C.  A. 

McMahon,  P.G.S.     (With  two  plates,)^ 

Thb  oneissose  granite. 

In  order  to  avoid  repetition  it  will  be  convenient  to  describe  the  following 
sample  specimens  of  tbe  Dalliousie  granitic  rocks  together.  An  account  of  their 
macrosoopical  and  litholog^cal  aspect  has  already  been  given  in  my  paper  on  the 
geology  of  Dalhonsie  (supra  Vol.  XV,  p.  34). 

Specimens  described. 

No.  1.  Porphyritic  gneissooe  granite.    Bakrota  Upper  Mall,  Dalhonsie. 
M    2.        Ditto      from  the  same  locality. 
9,    3.  Fine-grained  granite  from  the  summit  of  Dainkund. 
„    4  Granite  from  the  same  locality. 
„    5.  Another  specimen  from  the  same  locality. 

„    6.  Gneissoee  granite  on  the  road  from  the  chnrch  to  the  brewery,  south-weat 
side  of  the  Dalhonsie  ridge. 

7.  Porphyritic  variety  on  the  same  road. 

8.  Another  porphyritic  specimen  from  the  same  locality. 

9.  Qneissose  granite  on  the  road  from  the  church  to  the  water-works,  south- 
east side  of  the  Dalhonsie  ridge. 

10.  Another  specimen  from  the  same  locality. 

11.  Fine-grained  granite  near  Chil  on  the  Dalhonsie  and  Ohamba  lower  road. 

12.  White  granite  on  the  same  road  about  two-thirds  of  the  way  to  Chil. 

13.  Prophyritic  variety  with  very  fine-grained  matrix,  having  a  superficial 
resemhlanoe  to  a  felspar  porphyry.  Between  Dalhonsie  and  Chil,  on  lower 
road  to  Chamba. 

14.  A  light-coloured  gneissose  granite  from  the  same  locality. 

„  15.  Gbieissose  granite  in  actual  contact  with  the  slates  on  the  road  to  Bnkloh 
(above  the  slate  quarries),  Dalhonsie. 

'  It  is  dae  to  Colonel  McMahon  to  state  that  this  paper  has  been  in  my  hands  Rincc  the 
<>tli  ^|;^]|^  uid  was  in  type  for  the  May  numher  of  the  Records,  hut  had  to  be  deferred  on 
^^^tit  of  delay  in  obtaining  the  heliogravure  copper-plates.    This  was  particularly  unfortunate 
^^  there  is  so  much  disoossion  going  on  regarding  gneissose  granite. — H.  B.  Mbducott. 
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All  the  mbove  jspecimens  are  rich  in  quartx,  and,  as  is  usually  the  case  in 
granites^  this  mineral  polarises  with  great  brilliancy.  The  polysynthetic  stmctnre 
is  extremely  prominent,  and  is  very  characteristic  of  the  quartz  of  these  rocks. 

Dr.  Sorby  *  states  that  '*  the  quartz  of  thim  foliated  gneiss  and  mica  schist 
differs  from  that  of  granite  in  having  a  far  less  simple  optic  structure ;"  •  *  * 
**  instead  of  the  larger  portions  of  quartz  being  made  up  of  a  few  comparatively 
large  crystals,  they  are  frequently  composed  of  Tery  many  closely  dove-tailed 
together,  as  if  formed  ifi  #i7«/*  On  the  following  page  he  goes  on  to  state :  "  I 
have  been  unable  to  detect  anything  that  would  serve  to  distingraish  the  quartz 
of  thkk  foiiaied  schists  from  that  of  true  granite/' 

An  attempt  has  been  made  at  fig.  1,  plate  I,  to  depict  the  appearance  of  the 
quartz,  as  seen  in  slice  No.  I.  in  polarised  light.  The  quartz  is  seen  to  be  com- 
posed of  a  number  of  large  crystals  and  of  con^^ries  of  microscopic  grains  sug- 
gestive of  the  roe  of  a  fish.  The  small  grains  polarise  as  brilliantly  as  the  Isige 
ones,  and  they  add  greatly  to  the  beauty  of  the  slices  under  the  polariscope. 

The  fish-roe  grains  for  the  most  part  divide  large  grains  of  quartz  from  each 
other,  forming  a  brilliant  setting  to  them :  sometimes  this  setting  is  thick,  as  in 
my  illustration,  but  at  others  it  is  limited  to  a  single  line  of  crystals.  Cracks  in 
felspars  filled  up  with  these  micro-crystals  are  common,  and  occasionally  irregular 
branches  meander  into  the  interior  of  large  crystals  of  quartz. 

Some  specimens  of  granite  collected  by  me  on  the  Grimsel  pass,  Switzerland, 
contain  exactly  similar  fish-roe  grains  intermixed  with  larger  grains  of  quartz. 

On  the  whole  I  do  not  see  sufiicient  grounds  for  regarding  this  polysyn^etic 
structure  as  affording  evidence  of  the  original  clastic  origin  of  the  Dalhonsie 
rocks.  This  structure,  as  seen  in  these  rocks,  seems  to  me  rather  to  suggest  that 
the  large  grains  were  the  result  of  slow  cooling ;  whilst  the  fish-roe  micro-griins 
appear  to  indicate  either  a  comparatively  rapid  ending  of  the  process,  or  condi- 
tions of  strain  towards  its  termination. 

The  quartz  in  all  the  specimens  contain  liquid  cavities  with  movable  bubbles. 
They  exist  in  prodigious  numbers  in  some  specimens,  whilst  in  others  they  are 
sparse ;  in  most,  however,  they  are  abundant.  Air,  or  gas,  cavities  are  also 
present. 

There  are  apparently  some  stone  cavities.  These  appear  to  have  either  depo- 
sited a  second  mineral  on  cooling,  or  to  have  caught  up  opacite  or  other  simikr 
substance  in  the  act  of  crystallization.  Some  of  them  appear  to  contain  fixed 
babbles.  These  enclosures,  however,  are  so  exceedingly  minute  that  they  cannot 
be  satisfactorily  determined  with  the  highest  powers  applicable.  Some  microliths 
contain  internal  cavities,  running  with  the  length  of  the  microliths  for  a  portion  of 
their  length,  which  undoubtedly  indicate  shrinkage  on  cooling. 

All  the  specimens,  without  exception,  contain  more  or  less  triclinic  felspar.  In 
■ome  it  is  rather  abundant ;  in  others  sparse.  It  appears  from  its  optical  charao- 
isn  to  be  oligoclase. 

Kght  out  of  the  15  slices  contain  typical  microcline,  and  in  some  of  them  it  is 

>  Annivennry  Kdditm,  Q.  J.  Q.  &,  XXXVI,  48. 
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Zirkel  at  pp.  45,  47,  of  his  Microscopical  Petrology  of  the  40th  Parallel,  des- 
ribes  the  occurrence  of  a  fibrous  orthoclase  in  grranite.  A  similar  felspar  is  very 
bundant  in  these  rocks.  It  occurs  in  all  but  three  of  the  specimens,  the  slices 
1  which  it  is  not  present,  namely,  Nos.  8,  12,  and  14,  being  those  in  which  typical 
licrocline  is  also  absent.  In  every  slice  in  which  typical  microcline  occurs,  the 
brous  felspar  is  present.  It  also  occurs  in  three  slices  in  which  the  typical  mineral 
9  absent.  The  fibrous  appearance  is  only  observable  in  polarised  light,  and  the 
^Ispar  in  which  it  occurs  seems  to  me  to  be  a  form  of  microcline.  In  some  an 
icipient  cross  hatching  can  be  made  out ;  whilst  in  one,  at  least,  it  is  distinctly 
isible  in  parts  of  the  fibrous  structure. 

Orthoclase  is  present  in  all  the  slices,  though,  if  the  fibrous  felspar  be  included 
nder  the  head  of  microcline,  the  latter  mineral  is  more  abundant  than  orthoclase. 
he  triclinic  felspar  (oligoclase)  is  very  subordinate  to  the  orthoclase  and  micro- 
line  taken  together. 

Much  of  the  felspar  is  very  opaque  and  has  a  white  glistening  appearance  in 
^fleeted  light  owing  to  the  presence  in  it  of  a  multitude  of  extremely  minute  gas 
r  air  cavities.  Liquid  cavities  with  movable  bubbles  also  occur  here  and  there 
1  the  felspar. 

Some  of  the  felspars  are  studded  with  numerous  microliths  of  silvery  mica» 
rbich  occasionally,  in  polarised  light,  impart  to  the  portion  of  the  slice  in  the 
eld  of  the  microscope  the  appearance  of  grraphic  granite.  Zirkel,  in  his  work  on 
lie  rocks  of  the  40th  Parallel  (p.  46),  notes  the  occurrence  of  a  similar  structure 
1  the  g^nites  of  Nevada. 

Many  of  the  orthoclases  and  microclines  contain  the  usual  intergrowths  of 
lagioclase  and  occasionally  grrains  of  quartz.  Some  of  the  microcline  exhibits  a 
andency  to  inter-laminated  structure  resembling  that  of  perthite,  only  it  is  finer 
rained  and  less  pronounced.  The  intergrowth  of  felspar  alluded  to  is  quite  dis- 
nct  from  the  ordinary  twinned  structure. 

All  the  specimens  contain  muscovite,  and  in  all  but  three  biotite  is  present.  The 
luflcovite  polarises  in  delicate  but  brilliant  colours,  and  some  of  it  is  twinned. 
ome  of  this  mica  contains  inclusions  in  the  line  of  basal  cleavage  of  a  substance 
lat  is  absolutely  opaque,  and  black,  in  transmitted  light,  and  shines  with  a  bright 
Ivery  lustre  in  reflected  light. 

Muscovite  is  present  in  all  these  slices,  not  only  in  good-sized  plates  and  packets, 
at  in  a  form  for  which  I  propose  the  name  of  crypto-crystalline  mica.  In  this 
)rm  no  definite  crystals  can  be  made  out,  the  leaflets,  under  polarised  light,  fade 
ad  melt  into  each  other  and  exhibit  no  definite  shape ;  whilst  no  sig^ns  of 
leavage  or  lamination  are  visible. 

In  transmitted  light  the  crjrpto-crystalline  mica  varies  from  a  pale  buff  to  a 
ale  grey  colour,  and  has  a  superficial  resemblance  to  the  base  of  some  felsites  and 
lyolites.  In  a  specimen  in  my  collection,  labelled  "  Banded  felsite,  Qlencoe  "  (I 
d  not  myself  collect  the  hand  specimen  from  which  the  slice  was  made),  I  find 
precisely  similar  structure  present,  along  with  quartz,  and  the  ordinary  felsitio 
ase  of  felstones. 

The  felsitic  matrix  of  felstones  is  believed  to  be  an  intimate  mixture  of  quarts 
id  orthoclase ;   and  I  suspect,  from  the  appearance  of  some  of  my  specimens, 
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t«n|utft-   M'^j'^ii'  9»^0hhr.ii^.  Out  vmt  tt  iift-  -sefm 

ii  rvyy  niii>iiiii  :  *uiMiuiiiwi'  JR  k  ecwmtiH-  atMniumefl  Hid  diiMiii  am  ham  '^nm 
n^'Aijp^ :  tn  vtiri^r  unwt  is  viotsu  fmx  inU'  fmmauuOTBh'  brand  floqanHK.  It 
Ifv^iaMAlv  «uc«uM^.  t»r  MMb  up  vu.  crvtiuftff  of  mnMovite,  and  of  qtmsm.  maAimtt 

nbf^^  ifiUi\0tMit  utitw  luibejnhk.  It  stwoidafi  '&rai^  maaaue  Inp^  fxrnttkk  if 
iiiU^yft*' :  v'Uiim  itfjMMS  {noiirt*  tf  it  art  emifte  i;g)  is  D&BriBtepBr  uhiimIi  Im 
^Aki  iJUm;  itHfi  «4iM«  jet  ru>jrmwrtfe.  I  appruLfnid,  'dtt'  iwrithnmi  lob 

j^JJ  iAm;   WJio»*  </.«:i«hi:b  utsig^xjetihie  graxne  and  ganiBis,  Imt  in 
ti'XJb  lij(«  fp/rtM^  Mid  iJUt  xungmAJUf  jenuLus  wv  tbtt  mmiite. 

hjjc  <^  tU;  WifAft.  itiKudr.  Xfj^.  3,  4.  r,  1L»  liL  and  ISL  amitaiii  aotoi.  Il  ii m 
ft  mAjLww  f ra4^3uuejuufrr  c^tiditiKiauL  «ud  it  SDxncfa  Grackfid,  the  oncb  Unj?  filU  vitk 
dj*jMd%t.     l*s  vfUiK  cttMA  tJUt  fi'VjipxMwtK  feppenj'  to  biire  fioKted  flame  Ibde  dkMaoi 

tf  V.  1'%  »  tojAK;ij»««  iA  \ht6  fp^fijmo&e  grunte  is  wobaal  csoDtut  wiifc  Ife  dbte 
u^M/vk^  ihi  itiM/Up  ijijMi'tiMif  m  u,  very  ioterbstin^  and  instractnTe  slioB,  for  it  cadhibiti 
>ij  »  t/j/ji^-'dJ  Mriijr  wljuik^  ttj^jMiir  tr>  me  to  be  dcscided  indicalioiiB  of  11iii30b 
fj/htiA^*Mfhi  v'J  Uw.'U'/ii.     Jif/th  the  bigtite  and  the  cry 


tituwft  '/Mi  )!;</;  i/zfii^  «U'i»^  in  the  directicm  of  the  6aw.  Tldi  atmccaro  u  aoi 
ij^tlitjA-4  t//  ih^  liM'g<ei-  iMrifivy  which  can  be  disoemed  with  the  aid  of  a  podoefc 
U'f-it,  ^/Mi  evcfi  ih«  #fii/('f'<>Jit}M  of  miuooviie  in  the  <i«arts  an  leen,  aader  the 
mu  ^*m'^i^i^,  0/  |></ifii  iii  ili«;  Miffie  direction,  and  to  be  drawn  oat  into  loog  tnuiB 
tit  *h}hifif- 

i'^fitiu  fftJ^rL  t-UutmiiAinniui  are  the  gaii  cavities.  Some  of  theee  are  thfinndvcs 
$.\imiiHU4  tth4  iitawn  </ui  in  the  direction  of  the  flow,  and  thejr  are  ananged  in 
Uuutt  i^flhUoi^  m  lUa  Huma  direction.     Some  of  Uie  gas  cavitiea  have  deposited 

*tUMn  t$m  tiU*t  hlittm  iMvilitMy  iho  longer  axes  of  which  point  in  the  directon 
of  fllM  t\nw 

TlilM  mDku  •MiMffiti  Ut  fttn  U}  oxhibit,  as  far  as  a  granite  can  do  ao,  aa  decided 
flimiiiM  nit'Mi'ltii'f*  MM  (Imi  (o  Ihi  Hcum  in  rhyulitos  and  obsidians. 

An  n(l<«»M(i('4  III  i{lvi«  an  iilcia  of  the  appearance  of  this  slice  under  the  micros- 
CHipo,  \\tw  lifon  tiimli*  nl  llj^.  *•!,  plaUt  II,  where  the  bands  of  crypto-crystalline  mica 
ami  \tiniil4^  tin*  tftiHHHiottUMl  drnwu  out  into  strings. 

Tho  ipmrU,  (hoti^h  liynlino  in  tranHmittod  light,  is  seen  between  crossed^ools 
to  oonnint  nlniiMil  f»n(iii»ly  t»f  flu*  flHh-rt>o  grains,  previously  described,  drawn  out 
int*^  VxnxHK  in  thn  UinvUon  «»f  iho  How.  Possiblj  this  structure  may  depend  on 
strain. 

A  piji^'ado  thixiiin  i«t mot uiv  im  ilouhiloiw  to  bo  seen  in  many  gneissic  rocks,  bat 
iixu  *K>ne  dcm^ribn^l  onn  nlono  Iw  atiribut4Mi,  I  think,  to  the  action  of  traction 
XL  A  rock  cu  motion  noliuvi  tt  n  plaHtio  (X>ndttion  by  heat. 
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Another  piece  of  CTidenoe  in  fayour  of  the  oonchision  that  the  fluxion  stmctnre 
observable  in  the  slice  nnder  consideration  is  due  to  traiction,  is  to  be  fonnd  in 
the  cnimpled  appearance  of  some  of  biotites.  I  have  sketched  one  in  this  slice 
at  fig.  4,  plate  II ;  a  single  ciystal,  one-half  of  which  has  been  folded  over  and 
bent  back  flat  upon  the  other  half.  This  biotite  mast,  I  apprehend,  have  been 
cmmpled  np  and  folded  over  on  itself  after  crystflUization,  bnt  whilst  the  folia 
were  still  in  a  somewhat  pliable  condition.  I  cannot  conceive  of  a  contortion  of 
the  basal  cleavage  lines,  to  the  extent  represented  in  the  sketch,  being  produced 
in  any  other  way.  A  moderate  cnrvatnre  of  the  basal  cleavage  lines  is  not  an 
uncommon  feature  in  the  mica  of  some  rocks,  and  I  can  readily  understand  how 
this  may  have  been  produced,  even  in  the  case  of  mica  formed  in  clastic  rocks  by 
an  epigenital  process ;  for  such  mica,  formed  in  ntu  in  the  spaces  between  the 
fragments  of  clastic  origin,  might  often  be  cramped  at  the  time  of  formation,  and 
its  symmetry  interfered  with,  from  want  of  space  for  its  perfect  development ; 
but  I  do  not  think  a  mica  could,  from  this  cause,  be  completely  doubled  up  in  the 
manner  represented  in  the  illustration. 

The  basal  cleavage  lines  of  the  mica  enclosed  in  the  long  ropy  strings  of 
Grypto-crystalline  mica  are  usually  at  a  slight  angle  to  the  direction  of  the  flow, 
as  represented  at  fig.  5,  plate  II,  the  direction  of  the  flow  being  east  and  west. 
The  outer  edge  of  these  biotites  is  usually  covered  with  dark  fluffy  matter. 

The  foliation  of  the  slaty  portion  of  No.  15  is  parallel  to  the  Ime  of  fluxion  in 
the  granite. 

Rocks  next  the  gnelssose  granite. 

Considering  how  important  a  thorough  knowledge  of  the  Daihousie  rocks  is  in 
determining  questions  of  local  geology,  I  jnropose  to  g^ve  a  brief  separate  descrip- 
tion of  each  of  the  remaining  slices. 

No.  16. — Junction  of  an  intrusive  vein,  3  or  4  yards  wide,  and  the  slate 
into  which  it  is  intruded,  close  to  the  main  mass  of  the  gneissose  granite  on  the 
Toad  to  Mamul,  Daihousie.  The  actual  junction  of  the  two  rocks  is  seen  both  in 
the  hand  specimen  and  in  the  slice. 

M. — This  slice  shows  the  junction  of  the  two  rocks  perfectly.  The  granitic 
rock  possesses  the  characteristics  of  some  of  those  already  described,  being  distinctly 
gneissoid,  whilst  foliation  has  been  set  up  in  the  slate.  The  structure  of  the 
slate  corresponds  closely  to  No.  19,  described  further  on. 

The  slate  contains  numerous  crystals  of  schorl  which  do  not  extend  into  the 
granitic  rock ;  whilst  the  latter  contains  many  small  garnets,  a  mineral  not  visible 
in  the  slate. 

There  are  several  points  of  difEerence  to  be  noticed  between  the  silvery  mica 
of  the  granitic  rock  and  that  of  the  slate.  The  silvery  mica  of  the  granite  is 
pure  looking ;  is  in  large  leaflets ;  its  basal  cleavage  is  very  perfect ;  and  the 
cleavage  lines  are  close  together  ;  whilst  twinning  is  not  uncommon.  The  silvery 
mica  in  the  slate,  on  the  other  hand,  contains  numerous  inclusions  indicating  an 
imperfect  separation  between  the  several  constituents  of  the  slate  ;  it  is  in  small 
leaflets ;  its  basal  cleavage  is  imperfect ;  and  the  cleavage  lines  are  sparse ;  whilst 
there  are  no  indications  of  twinning. 
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The  g^ranitic  rock  gives  several  indicatioiis  of  fluxion  stracture.  The  crypto, 
crystalline  mica  forms  long  cnrving  streams  in  the  ground  mass,  meandering 
about  as  an  Indian  river  in  its  sandy  bed  during  the  dry  months.  In  some  plaoeB 
these  streams  approach  each  other  and  join;  at  others  they  make  wide  sweeps  and 
diverge  considerably.  The  curves  are  sometimes  gentle,  but  at  others  they  aie 
rather  sharp  and  have  a  wide  radius.  Sometimes  the  streams  are  broad;  at 
others  they  are  split  up  into  innumerable  narrow  meandering  rivulets.  The  dark 
mica  also  forms  ropy-looking  masses  drawn  out  in  the  line  of  flow. 

An  attempt  to  represent  the  general  appearance  of  a  portion  of  this  slice  ItaB 
been  made  at  fig.  1,  plate  II ;  whilst  at  fig.  2,  plate  I  (a),  an  illustration  is  givm 
of  the  crumpling  of  the  silvery  mica  as  seen  in  this  slice. 

In  some  cases  the  twinning  planes  of  the  plagioclase  are  bent  out  of  the  pe^ 
pendicular.  I  have  occasionally  seen  instances  of  this  in  lavas,  though  it  is  of 
rather  rare  occurrence  ;  and  it  seems  to  indicate  conditions  of  strain  subsequent 
to  the  ciystallization  of  the  felspar  before  the  mineral  had  became  perfectly  r%id 
on  cooling. 

Zirkel,  at  p.  28  of  his  work  already  quoted,  mentions  the  presence  of  fluid 
cavities  in  the  quartz  enclosed  in  garnets ;  but  the  garnets  themselves,  in  this 
slice,  contain  numerous  fluid  cavities  with  movable  bubbles.  The  quartz  of  the 
granite  itself  contains  fluid  cavities  about  the  same  size  as  those  in  the  garnets. 

No.  17. — Argillaceous  schist  in  actual  contact  with  a  thick  vein  of  granitic 
rock  within  3  or  4  yards  of  the  main  mass  of  the  gneissose  granite.  Same  locality 
as  the  last.  It  is  an  indurated  rock  with  minute  flecks  of  mica  visible  here  and 
there. 

M. — In  transmitted  light  the  ground  mass  appears  to  be  homogeneous  and 
colourless,  but  thin  and  minute  flakes  of  a  green  mica  are  thickly  disseminated 
through  it.  Patches  of  opaque  ferriferous  material  are  dappled  about  over  the 
field;  whilst  the  slice  is  here  and  there  stained  with  ferruginous  material,  and  dots 
of  yellow  and  red  ferrite  are  occasionally  to  be  seen.  Flakes  of  colourless  mica 
are  sparsely  scattered  about,  and  there  are  numerous  small  fragments  of  a  bluish- 
brown  tourmaline.  Between  crossed  nicols  the  slice  presents  a  dark  base  re- 
lieved by  numerous  patches  of  semi-luminous  material  presenting  highly  irr^inlar 
outlines,  and  bright  flecks  of  mica. 

The  slice  contains  some  air  bubbles,  but  no  liquid  cavities.  Some  of  the 
schorl  shows  that  this  mineral  has  been  subjected  to  heat,  and  that  the  air  or 
liquid  enclosures  which  they  contained  expanded  and  forced  a  way  to  the  sur- 
face of  the  mineral  before  its  complete  consolidation.  An  illustration  of  this, 
taken  from  this  slice,  is  g^ven  at  fig.  7,  plate  II. 

No.  18. — Argillaceous  schist  in  actual  contact  with  the  main  body  of  the  gneis- 
sose granite.     From  the  same  locality. 

M. — This  slice  closely  resembles  the  last.  There  is  comparatively  little 
schorl,, and  it  is  in  very  minute  prisms.  The  slice  contains  numerous  dots  of 
magnetite. 

No.  19. — An  argillaceous  schist  in  contact  with  a  granitic  vein,  3  or  4  yards 
wide,  close  to  the  main  body  of  the  gneissose  granite.  From  the  same  locali^. 
This  is  a  more  distinctly  foliated  rock  than  the  preceding  two  specimens. 
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M. — The  ground-mass  consists  of  quartz  in  minute  grains.  Inter-laminated 
ith  this  are  strings  of  a  fibrous  dark-green  mica  and  strings  of  the  orypto- 
ystalline  mica  which  I  have  shown  to  be  a  characteristic  of  the  gneissose 
•anite.  Muscovite  is  also  very  abundant  in  the  slice,  whilst  crystals  of  schorl, 
n-Tiy  of  them  being  very  minute,  are  present  in  great  numbers.  It  is  of  the 
pe  and  colour  of  that  found  in  the  gneissose  granite,  and  for  the  most  part  it 
SB  in  a  zone  corresponding  to  the  plane  of  foliation,  the  crystals  lying  more  or 
B8  at  right  angles  to  that  plane.  The  schorl  contains  numerous  enclosures  and 
me  empty  cavities,  the  contents  of  which  have  apparently  forced  their  way 
LTongh  the  mineral  to  the  surface  in  the  manner  already  described.  The  slice 
>ntains  grains  of  magnetite,  opacite,  and  ferrite,  and  some  minute  crystals  of 
imet ;  also  one  crystal  of  triclinic  felspar.     There  are  no  liquid  cavities. 

No.  20. — Slate  from  the  quarry  near  the  gneissose  granite  on  the  Mamul 
x>ad,  Dalhousie 

M. — Under  the  microscope  this  is  seen  to  be  distinctly  foliated ;  quartz,  in 
linute  granules,  alternating  with  a  fibrous  green  mica  that  is  but  feebly  dichroic. 
oxne  veiy  minute  and  imperfectly  formed  prisms  .of  tourmab'ne  are  scattered 
brough  the  slice. 

Light  fiocculent  clouds  of  nebulous  matter,  opaque  in  transmitted,  and 
eUowish-white  in  reflected  light,  are  also  abundant.  A  sketch  of  a  portion  of 
his  slice  is  given  at  fig.  3,  plate  I. 

No.  21. — A  spotted  schist  within  a  few  yards  of  the  gneissose  granite, 
^otrain  Hill,  Dalhousie.  Viewed  macroscopically  this  has  a  distinctly  foliated 
spect,  and  specks  of  muscovite  are  visible  here  and  there. 

M. — The  ground  mass  consists  of  quartz  in  small  granules  of  very  varied  and 
[regular  shapes,  interspersed  with  crypto-crystalline  mica  that  moeuiders  about  in 
11  directions. 

In  this  ground- mass  are  embedded  numerous  crystals  of  muscovite,  and  of  a 
lark  well-laminated  mica,  brown  in  transmitted  light.  Some  of  the  latter  contain 
rrains  of  quartz  and  of  magnetite.  Magnetite  and  rounded  grains  of  opacite 
kre  rather  abundant  in  this  slice,  which  also  contains  numerous  prisms  and 
Tagmentary  pieces  of  schorl,  of  the  same  type  as  that  in  the  gneissose 
rranite.  There  are  also  numerous  micro-crystals  of  garnet.  There  are  no  liquid 
^vities. 

At  fig.  3,  plate  II,  I  have  given  a  representation  of  a  portion  of  this  slice, 
ihowing  the  way  in  which  the  crypto-crystalline  mica  and  the  hyaline  quartz  are 
ntermixed.  The  dark  portions,  in  the  illustration  are  intended  to  represent 
.he  former,  and  the  uncoloured  portions  the  quartz. 

No.  22. — A  similar  rock  a  little  further  away  from  the  gneissose  granite,  on 
he  same  road.  It  is  of  more  spotted  appearance  and  granular  texture  than  the 
ast,  having  lost,  in  the  hand  specimen,  all  traces  of  foliation. 

M. — This  slice  closely  resembles  the  last  and  requires  no  separate  descrip- 
ion.  The  crypto-crystalline  mica  is  very  abundant.  Some  of  the  grains  of 
nagnetite  are  of  good  size. 

No.  23. — A  fine-grained  silicious  schist  in  contact  with  the  gneissose  granite 
m  the  cart-road,  between  the  Mall  and  the  Bull's  Head  Hotel,  Sananotala. 
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M. — This  is  a  distinctly  foliated  rock,  and  the  description  given  of  slice  No.  19 
exactly  applies  to  this  one.     No  liquid  cavities  are  presenti 

Na  24.— A  crystalline  granular  rock  a  few  yards  below  No.  23,  on  the  same 
road. 

M. — This  exactly  resembles  No.  22,  and  is  evidently  the  same  rock.  The 
quartz  contains  no  liquid  cavities.  Small  rounded  fragments  of  the  crypto- 
crystalline  mica  are  included  in  the  quarts ;  whilst  grains  of  quarti  are  in- 
cluded in  all  the  other  minerals. 

In  many  cases  small  colourless  microliths  are  attached  to  rounded  grains  of 
opacite  in  a  way  to  suogest,  at  first  sight,  that  the  opacite  had  on  cooling  given 
off  a  gas  that  had  intruded  into  the  adjoining  matrix.  Illustrations  of  these  oom- 
binatdons  are  given  at  fig.  6,  plate  II  (see  upper  and  left-hand  figures).  Acarefnl 
study  of  these  groups,  however,  showed  that  they  are  simply  due  to  tiie  accidental 
conjunction  of  two  different  minerals.  Such  forms  as  that  depicted  on  the  right 
hand  of  this  figure  seem  to  show  this  conclusively.  T^e  occurrence  of  these  con- 
junctions, however,  is  so  common  that  it  seems  to  indicate  that  the  rock  was  re* 
duced  to  a  sufficiently  viscid  and  plastic  condition,  to  allow  of  microliths  moving  by 
molecular  attraction  some  little  distance,  at  any  rate,  towards  each  other.  The 
whole  appearance  of  the  slice,  and  the  small  rounded  dots  of  crypto-ciyBtalline 
mica  included  in  the  quartz,  all  point  in  the  same  direction,  and  indicate  a  viscid 
condition.  The  slice,  I  may  add,  contains  numerous  small  rounded  cavities 
that  are  probably  due  to  shrinkage  on  cooling. 

No.  23. — Another  fine-grained  silicious  schist  a  few  yards  further  down  on 
the  same  road. 

M. — This  presents  much  the  same  features  as  the  last  slice.  The  schorl  is  not 
so  abundant,  and  for  the  most  part  is  in  small  prisms.  The  dark  mica  is 
arranged  more  in  strings,  and  the  cry pto-crystal line  mica  is  relatively  more 
abundant  than  the  quartz.  In  this  slice  it  is  micro-crystalline  rather  than 
crypto-crystalline. 

Nos.  26  b  27. — Other  speckled  varieties  of  the  crystalline  granular  rock  a  few 
yards  further  down  on  the  same  road.  They  contain  ma  grains  of  iron-pyrites. 
Sp.  G.  2,  74. 

M.^  The  description  given  of  Nos.  22  and  24  applies  equally  to  these  spe- 
cimens.    Schorl  is  abundant. 

The  peculiarity  of  these  slices  is  that  they  contain  a  considerable  amount  of 
zircon,  in  irregularly  shaped  granules,  intimately  intermixed  with  grains  of  quarts. 
Much  of  the  zircon  is  distinctly  dichroic,  changing  from  a  white,  or  faint  bluish- 
white,  to  a  delicate  tinj)  of  light  red.  It  does  not  exhibit  colours  in  polarised 
light  owing  to  its  strong  double  refraction. 

This  is  the  first  time  that  I  have  met  with  zircon  in  situ  in  Himalayan  rocks, 
but  a  sample  of  the  gold-bearing  sands  of  the  Sutlej  river,  sent  me  by  a  friend, 
is  full  of  well-formed  crystals  of  this  mineral. 

The  quartz  contains  what  appear  to  be  stone  cavities  with  fixed  bubbles,  whilst 
others  have  either  caught  up  and  enclosed  opacite  when  in  a  plastic  condition  or 
have  deposited  it  on  cooling. 
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Eoeks  hdween  the  gnei$908e  granite  and  the  first  outcrop  of  gnei$9. 

The  cart»roady  from  near  its  jnnctica  with  the  Mall,  between  Thera  and 
Potrain,  to  near  the  Bull's  Head  Hotel,  San&iotala,  runs  a  little  below  the 
junction  of  the  gneissose  granite  and  the  schistose  rocks.  Near  the  Ball's  Head 
Hotel,  on  the  neck  of  the  San&not&la  spur,  the  gneissose  granite  reappears, 
having  been  brought  down,  apparently,  by  the  flexion  of  the  strata.  The  schistose 
rooks  between  the  gneissose  granite  on  the  Mall  and  the  outcrop  on  the  cart-road, 
near  the  Bull's  Head  Hotel,  have  been  described  in  the  preceding  pages.  The 
rookiy  now  to  be  described,  are  a  descending  series  which  crop  out  on  the  cart- 
load  between  the  gneissose  granite,  near  the  Bull's  Head  Hotel,  and  the  mica 
aohists  at  Banakhet. 

No.  28. — A  silicions  schistose  rock  in  contact  with  a  vein  of  granitic  rock 
cutting  through  the  schists.  Viewed  macroscopioally  two  sets  of  lines  may  be 
made  out  with  a  pocket  lens  on  the  cat  and  wetted  face  of  the  hand  specimen, 
and  in  the  thin  slice ;  the  lines  cutting  each  other  at  an  angle  of  about  40^. 

M. — ^Viewed  under  the  microscope  one  set  of  lines  is  seen  to  be  due  to  partial 
foliation ;  that  is  to  say,  to  be  due  to  the  development  of  a  tendency  on  the  part 
ef  ihe  dark  mica  to  segregate  in  more  or  less  parallel  lines.  It  is  noticeable, 
however,  that  the  laminao  of  the  mica  are  arranged  parallel  to  the  second  set 
of  lines,  and  not  to  the  lines  of  dark  mica.  The  mica  has  segregated  into  lines, 
but  each  flake  of  mica  in  the  line  is  arranged  with  its  longest  axis  at  an  angla 
•f  about  40^  to  its  own  line* 

The  second 49et  of  lines  alladed  to  are  due  to  the  occurrence  <^  lenticular  masses 
#f  crypto-crystalline  mica,  the  lines  of  which,  thoagh  discontinuous,  preserve  a 
pretty  constant  course  in  one  direction.  Another  point  noticed  is  that  these  lines 
of  crypto-crystalline  mica  contain  rather  nameroas  microliths  of  tourmaline,  the 
piasms  of  which  pointy  as  the  microliths  in  rhyolite  and  similar  rocks,  in  the 
direction  of  the  flow. 

These  facts  appear  to  me  to  indicate  that  the  rock  was  subjected  to  two  differ- 
ent processes  of  contact  metamorphism ;  one  process — due  to  heat — ^resalting  in 
foliation ;  whilst  the  second  process  was  probably  ihe  injection  of  matter  h*om 
the  granitic  rock,  possibly  in  a  gaseoas  or  liqaid  condition,  along  lines  that  fol- 
lowed the  original  direction  of  lamination  or  of  cleavage. 

This  (Nervation,  which  was  very  unexpected,  seems  to  have  an  important 
bearing  on  the  point  at  issue.  If  the  crypto-crystalline  mica  in  the  schistose 
rocks  adjoining  the  gneissose  granite  is  not  a  product  of  the  original  constituents 
of  those  rocks  but  has  been  derived  from  the  granite,  the  existence  of  the  cxypto- 
erystaUine  mica  in  the  gneissose  granite  affords  no  evidence  of  the  metamprphic 
origin  of  the  latter  or  of  its  affinity  with  the  schists. 

The  general  appearance  of  this  slice  is  closely  similar  to  those  of  the  slates  in 
contact  with  the  gneissose  grranite  already  described.  The  ground-mass  consists 
of  granular  quartz.  A  dark  green  fibrous  mica  is  very  abundant,  but  muscovite 
is  comparatively  sparse.  Schorl,  as  usual,  is  present.  There  are  no  liquid 
cavities.     Ferrite  is  abundant. 

No.  29.— A  silicions  schist  adjoining  the  gneissose  granite. 
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M. — This  is  only  a  varietj  of  the  spotted  schists  already  described,  as  for 
instance  Nos.  21  and  22.  The  crypto-cTTStaUine  mica  is  rather  abundant  and 
8wel]s  oat  into  large  lake-like  expansioiis.  I  have  obsenred  a  few  stone  caTitifiB 
in  this  slice,  one  with  a  fixed  babUe,  and  two  with  deposits  in  them. 

Nos.  30,  31,  and  32. — Very  fine-grained  sdusts,  in  doBoending  order. 

M. — These  may  be  deacribed  together.  Under  the  microBOope  they  approxi- 
mately resemble  the  slaty  rock.  No.  17.  The  grcmnd  mass  consists  of  mioro- 
grannlar  quarts,  in  which  a  yellowiak-green  scaly  mica  is  so  mbuiMdainily  diasemi* 
nated  as  to  nearly  pervade  the  whole  mass.  In  No.  31  it  has  s^gvegated  into 
spotty  masses  in  which  it  varies  in  oc^nr,  in  transmitted  Hght,  from  a  green  to  ft 
rich  greenish-orange  colonr.  Some  of  the  mica  is  fibrous,  and  is,  I  think,  pirft- 
gonite.  The  slices  contain  grains  of  magnetite  and  ferrite,  and  slice  No.  31 
contains,  apparently,  a  little  haematite.  All  contain  the  opaque  whitish  mineral 
described  nnder  No.  20  and  miero»prisms  of  tonrmaline.  The  magnetite  is  mofit 
abundant. 

Nos.  33  and  34. — Earthy  looking  schistose  Tocks.  No.  34  has  a  strong  eaitiij 
smell,  even  without  breathing  on  it. 

M. — These  exactly  resemble  30—32  and  need  no  separate  description.  No. 
33  contains  two  minute  garnets.  In  34  magnetite  in  micro-grains  is  abnndftnt. 
In  both  micro-prisms  of  tourmaline  are  plentifuL 

Section  below  No.  4  Barracky  Ballun, 

No.  35. — A  fine-grained  schistose  rock  approaching  the  slaty  type.  With  ft 
pocket  lens  it  is  seen  to  have  a  fine  micaceous  glaxe  on  the  splitting  surface. 

M.— Under  the  microscope  the  rock  is  seen  to  be  made  up  of  a  mesh-work  of 
fine  fibres,  or  microHths,  of  mica,  in  a  quarts  base.  Larger  crystals  of  mica  aie 
dotted  about  in  it  here  and  there,  and  stringy  agglomerations  c^  the  fibrous  toM, 
The  mica  is  decidedly  diohroic,  and  each  of  the  microHths  pohirises  ratherbrilli'' 
antly.     I  think  the  species  is  probably  paragonite. 

The  slice  contains  grains  of  ferrite,  and  I  think  very  minute  grains  of  mag- 
netite ;  also  the  flocculent  opaque  matter  previously  described.  In  this  slice  its 
colour  varies  from  yellowish  to  reddish.  It  is,  I  think,  a  product  of  the  altera- 
tion of  magnetite. 

No.  36. — A  very  fine-grained,  pale  bluish-grey,  micaceous  schist.  The  mica- 
ceous element  is  much  more  prominent  in  this  hand  specimen  than  in  the  last. 

M. — This  rock  is  so  similar  to  the  last  that  a  further  description  is  umieoea- 
sary. 

^o.  37. — ^A  very  fine-grained  silicious  rock  approaching  the  slate  type. 

M.— This  rock  is  of  the  same  type  as  the  last  two,  and  consists  of  a  fibrous 
mica,  probably  paragonite,  disseminated  through  a  quartz  base.  It  oontains  a 
long  irregular-shaped,  lake-like  space  filled  with  hyaline  quartz  that  has  evi- 
dently been  formed  in  situ^  the  prisms  of  mica  projecting  into  it  ak)ng  its  outsr 
edges.  It  cbntains  some  gas  enclosures  and  a  few,  very  few,  liquid  endosurea 
with  bubbles. 

No.  38.— A  bufE  coloured,  very  fine-grained,  friable  schistose  rock. 

M. — The  structure  and  material  are  seen  to  be  the  same  as  the  last.     The 
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mica  ifl  of  jellowish-green  in  transmitted  light,  and  it  evinces  a  tendency  to 
s^regation,  forming  spots  of  darker  colour  than  the  ground-mass.  There  are 
«oxne  good-sized  bits  of  ferrite. 

No.  39. — A  pale  greenish-grey  argillaceous  schist. 

M. — In  both  37  and  39  the  lines  of  original  lamination  can  be  distinctly 
traced  on  the  cut  surface  with  a  pocket  lens.  In  this  rock  (No.  39)  they  have 
suffered  some  contortion.  The  lines  of  incipient  foliation  are  at  a  high  angle  to 
the  lines  of  lamination  in  all  three  specimens.  The  microscope  shows  that  No.  39 
is  composed  of  the  same  constituents  as  the  last  few  described.  The  slice 
contains  some  micro-prisms  of  tourmaline. 

No.  40. — A  very  fine-grained  micaceous  schistose  rock. 

M.— This  consists  of  a  quartz  base  in  which  a  yellowish-green  scaly  mica  is 
profusely  disseminated.  It  is  doubtless  of  the  same  species  as  the  preceding. 
.  The  slice  is  dotted  over  with  countless  cubes  and  octahedrons  of  magnetite. 

No.  41. — Blue  micaceous  slate  above  Surkhi-galli. 

M. — This  consists  of  an  intimate  admixture  of  quartz  in  micro-gi*ains  and  a 
green  mica  in  minute  scales.  An  immense  profusion  of  magnetite  grains  are 
dotted  over  the  field,  mostly  in  elongated  irregular  forms,  the  longer  axes  of 
which  are  turned  in  the  same  direction.  There  are  numerous  micro-prisms  of 
tourmaline  and  very  minute  crystals  of  sphene,  which  require  high  powers  to 
detect.     In  many  cases  the  sphene  and  magnetite  have  adhered  together. 

No.  42. — A  pale  blue  slate  similar  to  the  last. 

M. — This  is  apparently  a  very  similar  rock  to  No.  41 ;  but  the  micaceous 
element  is  more  fibrous  and  colourless. 

No.  43. — A  pale  french-grey  coloured  argillaceous  schist  from  the  same  locality. 

M. — An  exactly  similar  rock  to  No.  41  except  that  the  magnetite  is  absent  and 
a  little  ferrite  has  taken  its  place.  The  micro-prisms  of  tourmaline  and  sphene 
are  abundant.    I  observed  a  liquid  cavity  in  the  mica. 

No.  44. — A  fine-grained  friable  whitish  mica  schist. 

M. — ^This  consists  principally  of  minute  scales  of  a  yellowish-green  mica  and 
some  minutely  granular  quartz.  There  are  numerous  air  bubbles.  I  have  not 
detected  any  tourmaline.  Minute  crystals  of  sphene  are  abundant.  Magnetite 
and  ferrite  are  also  present. 

No.  45.—  A  white  wafery  schist  with  a  silky  gloss  on  the  cleavage  surfaces. 

M. — A  very  similar  rock  to  the  last,  only  the  scaly  mica  is  very  colourless. 
The  grains  of  magnetite  and  ferrite  are  very  sparse.  Micro-crystals  of  tourmaline 
and  sphene  as  in  the  last.     There  are  a  few  minute  garnets. 

No.  46.  A  light-grey,  fine-grained  silicious  schist. 

M. — The  appearance  of  this  rock  under  the  microscope  is  very  different  from 
those  described  from  No.  30  downwards.  Its  affinities  are  with  the  spotted 
schists  Nos.  19  and  23,  the  latter  of  which  it  much  resembles.  It  may  be 
described  as  a  micro-gneiss,  and  it  consists  of  lenticular  grains  (eyes)  of  quartz 
and  triclinic  felspar  set  in  crypto-crystalline  mica  which  flows  in  ropy  masses 
round  them.  The  quartz  very  largely  predominates  over  the  felspar  ;  indeed,  the 
latter  is  sparse.  Large  flakes  of  muscovito  are  present,  but  no  biotite.  There  are 
some   good-sized   pieces  of  schorl   of  the   type  present  in  the   granitic  rocks  - 
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also  a  few  roimded  grains  of  what  appears  to  be  sphene.    I  have  not  been  aUe  to 
detect  any  liquid  cavities  even  with  the  nse  of  very  high  powers. 

No.  47. — Paragonite  slate  (?)^An  extremely  fine-grained,  french-gref 
coloured  mica  schist  of  slaty  appearance. 

M. — This  has,  unfortunately,  been  sliced  so  thickly  thai  little  can  be  madeont, 
but  it  does  not  appear  to  differ  in  any  essential  particular  £pom  No.  41.  Pounded 
fragments  examined  under  the  microscope  confirm  this  impression  and  show  that 
the  rock  is  principally  composed  of  an  almost  colourless  mica  in  scales  and  fibres, 
and  countless  elongated  granules  of  magnetite.  The  mica  appears  to  be  pank- 
gonite.    There  are  as  usual  microscopic  prisms  of  tourmaline. 

No.  48. — The  pearly  mica  schist  of  Banikhet. 

M. — This  is  closely  similar  to  No.  44.  It  is  principally  composed  of  a  seaty 
mica,  varying  in  colour  from  white  to  pale  green,  with  ferruginous  yellow  stains 
in  spots  here  and  there.  There  is  an  admixture  of  quartz  in  a  finely  g^ranular 
condition.  The  beautiful  pearly  opalescence  of  the  thin  slice,  seen  in  reflected 
light  without  the  aid  of  a  lens,  appears  to  be  due  to  the  presence  of  myriads  of  air 
or  gas  bubbles  with  which  this  rock  is  crowded.  There  are  countless  elongated 
grains  of  magnetite ;  the  usual  micro-prisms  of  tourmaline  are  also  present;  also 
micro-crystals  of  sphene. 

Conclusion. 

The  general  conclusions  at  which  I  have  arrived  from  the  detailed  study 
of  the  Dalhousie  rocks  are  as  follows : — Fifteen  specimens  of  the  gneissoee  granite 
from  various  parts  of  the  Dalhousie  ridge,  exhibiting  some  typical  varieties  of 
structure  when  examined  macroscopically,  are  seen,  when  examined  with  the 
aid  of  the  microscope,  to  be  mere  varieties  of  the  same  rock.  No  essential  differ- 
ence of  any  kind  can  be  detected  between  them.  All  of  them  contain  orthodase 
microcline,  plagioclase,  quartz,  muscovite,  magnetite,  garnets,  and  liquid  cavities 
containing  movable  bubbles.  Six  of  the  specimens  contain  schorl  in  some  abun- 
dance, and  all  but  three  of  the  thin  slices  contain  biotite.  In  all  the  quarts  exhi- 
bits a  polysynthetic  structure  very  prominently,  whilst  all  contain  crypto-ciystal- 
line  mica. 

Some  of  the  slices  give  unmistakable  indications  of  having  been  reduced  by 
hydro-thermal  agencies  to  a  plastic  condition,  and  exhibit  true  fluxion  structure. 
It  is  also  important  to  note  that  the  specimens  which  exhibit  these  charocteristioB 
most  prominently  are  those  which  show,  when  viewed  macroscopically,  a  pseudo- 
foliation,  and  have  consequently  a  gneissose  aspect. 

The  rocks  are  not  true  granites,  but  it  does  not  follow  from  this  fact  that 
they  are  necessarily  of  metamorphic  origin.  Between  the  deep-seated  roots  of 
volcanos  and  the  lavas  that  have  actually  flowed  out  at  the  surface  of  the  earth's 
crust,  there  must  of  course  be  many  gradations.  The  presence  of  the  ciypto- 
crystalline  mica  in  the  Dalhousie  gneissose  granite,  that  is  to  say,  the  presence 
of  an  imperfectly  crystallised  residuum,  seems  to  indicate  their  affinity  with  the 
felspar  porphyries.  Indeed  specimen  No.  13  approximates  in  its  macroscopical 
appearance  very  closely  to  a  felspar  porphyry. 

All  port,  in  his  paper/*  On  the  Metamorphic  Rocks  surrounding  the  Landa'*end 
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Mass  of  Ghranite/*  Q.  J.  O.  S.,  XXXII,  407,  shows  that  ihe  mineralogical 
chaDges  produced  in  clay  slates  by  the  intrusion  of  a  mass  of  granite  are  chiefly 
the  development  in  them  of  some  of  the  minerals  which  constitute  its  own  mass ; 
that  is  to  say,  quartz,  tourmaline,  and  three  kinds  of  mica ;  occasionally  tremolite, 
magnetite  ("  and  andalusile  ?"),  and  in  some  localities  felspar.  The  structural 
changes  produced  in  clay  slates  by  contact  metamorphism,  according  to  Allport, 
are  '*  (a),  foliation  more  or  less  perfect,  with  every  gradation  from  nearly  straight 
parallel  lines  to  the  most  complicated  contortions ;  and  (&),  concretionary,  showing 
a  decided  tendency  to  segregation  of  both  quartz  and  mica,  the  result  being  a 
spotted  schist." 

A  precisely  similar  influence  appears  to  have  been  exercised  by  the  gneissose 
granite  on  the  slates  in  contact  with  it  at  Dalhousie.  As  to  structure,  we  have 
seen  that  foliation  has  been  produced  and  "  spotted  schists  '*  have  been  formed ; 
whilst  schorl,  garnet,  dark  mica,  muscovite,  and  magnetite  have  been  introduced 
or  created  out  of  the  constituents  of  the  slate. 

As  regards  mineralogical  changes,  Allport  noticed  in  the  rocks  described  by 
him  in  the  paper  just  quoted,  that  the  strata  near  the  granite  were  **  far  more 
highly  silicated  than  those  at  a  distance  from  it,"  and  he  expressed  the  opinion 
that  "  there  can  be  no  doubt  that  much  of  the  quartz  has  been  derived  directly 
from  the  intruded  rock." 

In  the  case  of  the  rocks  under  consideration,  a  study  of  slice  No.  28  led 
me  to  the  conclusion  that  the  crypto-crystalline  mica  seen  in  the  schists  in  con- 
tact  with  the  gp:«nitoid  rock,  is  due  to  the  injection  of  matter  from  the  granitic 
itx^k  into  the  schists  in  a  gaseous  or  liquid  condition. 

Two  other  points  are  to  be  noted  :  first,  that  though  the  gneissose  granite  is 
rich  in  felspar,  only  one  small  crystal  of  this  mineral  was  found  in  the  numerous 
slicee  of  rocks  in  contact  with  the  gneissose  granite  examined  under  the  micros- 
cope ;  secondly,  that  though  liquid  cavities  are  most  abundant  in  the  quartz  of  the 
gneissose  granite,  they  are  entirely  absent  from  the  schists  immediately  in  con- 
tact with  it,  and  are  almost  entirely  absent  from  the  schistose  rocks  below  them. 

Professor  A.  Geikie,  in  a  critique  on  a  paper  by  P6re  Benard,  of  the  Royal 
Museum,  Brussels,  on  the  crystalline  schists  of  the  French  and  Belgian  Ardennes 
(Nature,  December  7,  1882)  which  came  to  hand  after  I  had  finished  mj 
examination  of  the  slices  now  described,  comments  on  the  absence  of  fluid 
cavities  in  the  quartz  of  the  Ardennes  schists  as  follows  : — "  In  subjecting  to 
microscopic  examination  thin  slices  of  some  of  these  altered  rocksi  M.  Benard 
noticed  that  the  quartz  granules,  presumably  of  clastic  origin,  have  lost  the  liquid 
inclusions  so  generally  found  in  the  quartz  granules  of  old  sedimentary  strata. 
This  isct  (already  observed  by  Sorby  in  the  case  of  sandstone  invaded  by  dolerite) 
seems  to  indicate  that  the  sand-grains  have  not  escaped  the  influence  of  the 
changes  which  have  so  profoundly  affected  the  other  constituents  of  the  former 
sediment. " 

Dr.  Sorby  notices  this  effect  of  contact  metamorphism  in  his  Anniversary 
Address  (Q.  J.  G.  S.,  XXXVI,  1882)  :—  "  One  point  of  interest  is,  "he  writes, 
'*  that  although  the  grains  of  sand  contain  many  cavities  which  no  doubt,  as  usual, 
originally  contained  water,  they  have  all  lost  it,  as  though  it  had  been  expelled 
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by  the  heat  of  the  igneous  rock,  in  the  same  manner  as  it  is  easily  expelled 
from  unaltered  quartz  by  a  high  artificial  temperature. " 

That  the  absence  of  liquid  cavities,  in  the  schistose  rooks  in  contact  with  tbe 
gneissose  granite,  is  due  to  heat,  is  rendered  highly  probable  by  the  fact  noted  in 
the  foregoing  papers  (see  notes  on  slices  17  and  19)  that  pieces  of  schorl  retam 
internal  evidence  that  the  contents  of  enclosures  in  this  mineral  had  expanded  by 
heat  and  forced  their  way  to  the  sur&ce. 

We  have  already  seen  that  whilst  the  granitic  rocks  abound  in  felspar,  the 
altered  slates  in  contact  with  them  have  not  developed  that  mineral.  IhsTe 
also  g^ven  my  reasons  for  believing  that  the  gneissose  g^ranite  was  reduced  by 
kydra^thermal  action  (evidenced  by  the  great  abundance  of  its  liquid  cavities)  to 
a  plastic  condition ;  and  that  portions  which  present  a  decided  gneissose  aspect 
exhibit  true  fluxion  structure. 

We  have  also  seen  that  tha  schists  in  contact  with  the  gneissose  gnnite 
exhibit  the  peculiarities  usually  developed  in  rocks  by  contact  metamorphism ; 
that  is  to  say,  minerals  present  in  the  granitic  rock,  schorl,  biotite,  muscovite, 
garnet,  magnetite,  and  crypto-crystalline  mica  have  been  developed  in  tbem 
near  their  point  of  contact ;  whilst  the  water,  which  was  presumably  present  in 
the  quartz  of  the  clastic  rock,  has  been  driven  off  by  heat.  These  facts,  it 
seems  to  me,  render  it  improbable  that  the  features  presented  by  the  Dalhoosie 
rocks  are  the  result  of  selective  metamorphism  applied  to  a  conformable  series  of 
sedimentary  rocks. 

The  slaty  and  schistose  rocks  between  the  gneissose  granite  and  the  ontc^ 
band  of  gneiss,  though  very  varied  in  macroscopic  aspect,  present  little  variation 
under  the  microscope.  They  consist  of  an  admixture  of  quartz  and  mica.  The 
quartz  contains'  no  liquid  cavities.  One  exception  to  this  only  was  noted  in  the 
case  of  clear  quartz  plugging  what  may  have  been  a  pre-existing  cavity,  and 
which  was  probably  filled  with  foreign  material  from  intrusive  granitic  masses 
in  its  vicinity. 

The  quartz  in  all  the  slices  described  has  lost  all  trace  of  its  original  clastic 
origin,  and  the  mica  has  certainly  been  formed  in  situ.  The  change  in  the  shape 
and  appearance  of  the  quartz  grains  has  doubtless  been  due  to  after-growth  in 
the  manner  pointed  out  by  Dr.  Sorby  (Ann.  Address,  Q.  J.  G.  S.  XXXVI,  62). 

The  mica  is  of  a  different  species  from  the  micas  present  in  the  gneissose 
granite,  and  much  of  it  appears  to  be  paragonite.  Some  of  the  lower  beds,  as 
for  instance  No.  47,  are,  1  think,  entitled  to  the  name  of  paragonite  slates. 

The  general  character  of  the  schists  may  be  said  to  be  more  siUcious  towards 
the  gneissose  granite  and  more  micaceous  towards  the  first  outcrop  of  gneiss. 

As  the  outer  band  of  gneiss  is  nearod,  sphene  makes  its  appearance  in  micro 
wedges  and  crystals,  and  is  rather  abundant.  Garnets  are  rare.  On  the  other 
hand,  zircon  is  present  in  the  spotted  schists  next  the  gneissose  granite,  and  gar- 
nets are  not  uncommon. 

Very  minute  prisms  of  tourmaline,  of  bluish  colour  in  transmitted  light,  are 
present  more  or  loss  throughout  the  schistose  bods ;  but  schorl,  of  the  type 
found  in  the  gnoissoso  granite,  is  confined  to  the  rocks  in  immediate  contact 
with  it. 
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Schorl  also  re-appears  in  No.  46,  but  the  whole  aspect  of  that  rock  is  sugges- 
ive  of  the  near  proximity  and  the  contact  action  of  granitic  rocks. 

The  metamorphism  of  the  slate  series,  as  a  whole,  does  not  seem  to  require  the 
lid  of  great  heat  to  explain  it,  for  the  action  of  moderately  heated  water  is 
lufficient  to  account  for  the  formation  of  the  hydro-micas,  the  minute  prisms  of 
ourmaline,  and  the  addition  of  quartz  to  the  pre-existing  grains  of  that  mineral. 
The  gneissose  granite  on  the  other  hand  has  undoubtedly  been  fused,  whilst 
ts  action  on  the  slaty  series  in  immediate  junction  with  it  has  been  analogous 
o  the  contact  action  of  eruptive  granite. 

In  conclusion,  whilst  I  am  not  able  to  affirm  as  the  result  of  my  investiga- 
ions  up  to  date,  that  any  of  the  axial  gneiss  of  the  Dhuladh^  range  is  true 
rneiss,  I  find  that  it  presents  the  characteristics  of  an  igneous  rock.  It  has  been 
n  a  fused  condition ;  it  shows  fluxion  structure  ;  it  invades  the  rocks  imme- 
liately  in  contact  with  it ;  its  structure  and  composition  is  uniform  over  wide 
ireas  ;  and  it  expands  suddenly  along  the  line  of  strike  from  a  width  of  250  feet 
io  a  width  of  6^  miles.  The  facts,  at  present  known,  point  to  the  conclusion  that 
#he  gneissose  granite  is  an  intrusive  rock  and  has  been  squeezed  up  through  a 
suited  flexure  along  an  axis  of  maximum  strain. 

In  my  paper  on  the  Geology  of  Dalhousie  (Supra,  Vol.  XV,  p.  44)  I  wrote— 
*  The  granitoid  gneiss  is  highly  porphyritic,  and  is  undistinguishable  from,  and 
loubtless  is  identical  with,  the  '  central  gneiss.* "  As  a  rosult  of  the  subsequent 
tnicroBoopical  study  of  the  Dalhousie  rocks,  I  have  dropped  the  term  "  granitoid 
^eiss*'  in  my  present  paper,  and  have  substituted  gneissose  granite  for  it ;  and 
it  is  for  consideration  whether  the  term  '*  central  gneiss,"  introduced  by  the 
amented  Dr.  Stoliczka,  and  since  used  to  denote  the  '*  granitoid  gneiss  "  of  the 
!iorth-West  Himalayas,  should  not  be  discontinued  in  futuro. 

The  terms  "  central  gneiss  *'  and  "  granitoid  gneiss  "  insensibly  suggest  cam- 
3rian  and  pro-cambrian  times ;  and  their  use  is  apt  to  create  a  projudice  in  the 
nindof  the  student  both  as  to  the  origin  and  the  age  of  the  rock,  for  the  tendency 
)f  petrological  inquiry  in  the  present  day  is  to  predicate  a  groat  geological  age 
'or  crystalline  rocks  in  which  the  granitic  structure  is  due  to  regional  metamor- 
phism. But  if  the  conclusions  at  which  I  have  arrived  in  this  paper  are  sound, 
t  follows  that  the  gneissose  granite  of  the  Dhula  Dh&r  is  of  eruptive  origin,  and 
nstead  of  being  an  arohaean,  Cambrian,  or  *'  converted  "  Silurian  rook,  it  is  in 
reality  of  tertiary  age,  and  was  brought  into  its  present  position  in  the  course  of 
;he  throes  that  gave  birth  to  the  Himalayas. 

I  do  not  intend  to  draw  the  inference  that  all  the  granitoid,  and  still  less  that 
dl  the  gneissose  rocks  of  the  North- West  Himalayas  are  of  eruptive  origin, — 
hat  would  be  too  sweeping  a  generalisation  to  make  from  the  facts  at  present 
Mcertained, — but  I  think  the  most  natural  conclusion  to  draw  from  the  evidence 
)efore  us,  taken  as  a  whole,  is  that  the  "central  gneiss  "  and  " granitoid  gneiss  " 
>f  Dalhousie  is  really  an  eruptive  rock ;  that  is  to  say,  whether  it  has  travelled  a 
thort  distance,  only,  from  its  seat  of  extreme  metamorphism,  or  whether  it  was 
nore  or  less  directly  connected  with  volcanic  or  plutonic  action,  it  was  in  actual 
notion  in  a  fused  or  plastic  condition  and  occupies  now  the  position  of  an  intruder 
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in  the  Silurian  series*     I  think  the  balance  of  evidence  ia  against  the  suppoaition 
that  it  was  reduced  into  a  fused  condition  in  sUu. 


DESCRIPTION  OP  PLATES. 

Platk  I. 

Fig.   1.     Gneissose  granite,  Dalhousie.    This  sketch,  taken  from  slice  No.  1,  ^^ 

intended  to  show  the  poljsjnthetio  structure  of  portions  of  tbi-^ 
quartz. 

„  2.  A  portion  of  slice  No.  16,  taken  from  a  granite  vein  intruded  int>^^ 
slate,  Dalhousie ;  (a)  shows  the  crumpling  of  mica  due  to  trac^  ' 
tion.     See  also  fig.  1,  plate  II. 

„  3.  A  portion  of  slice  No.  20.  Slate  from  the  quarry  near  the  gneissoB-^^ 
granite,  Dalhousie. 

Platb  II. 

Fig.   I.    A  portion  of  slice  No.  16,  taken  from  a  gpranite  vein  intruded  int^c^ 

slate.    See  also  fig.  2,  plate  I. 

„  2.  A  portion  of  slice  No.  15  ;  gpieissose  granite  in  contact  with  slate,  abov^^ 
the  slate  quarries,  Dalhousie.  This  sketoh  represents  the  mode  i^^ 
which  the  crjrpto-ciystalline  mica  and  biotite  are  drawn  out  ini'^^ 
strings. 

„  3.  A  portion  of  slice  No.  21 ;  spotted  schist  within  a  few  yards  of  tiii 
grneissose  granite;  Dalhousie.  The  sketeh  shows  the  way  tli« 
crypte-ciystalline  mica  and  hyaline  quartz  are  intermixed.  ~ 

4.  Sketch  of  a  biotite  crumpled  up  by  traction,  taken  from  slice  No.  1^  ^ 
gneissose  granite  in  actual  contact  with  slate. 

5.  Showing  a  common  mode  of  occurrence  of  mica  in  connection  witl^*^ 
the  ropy  strings  of  crypto-ciystalline  mica. 

6.  Showing  the  mode  in  which  grains  of  opacite  and  microliths  of 
undetermined  mineral  adhere  together. 

7.  A  crystal  of  schorl  taken  from  slice  17,  showing  that  air  or  liquic 
enclosures  originally  contained  in  it  had  subsequent^  expandec 
from  heat  and  forced  their  way  to  the  surface  of  the  mineral  befoi 
its  fiual  consolidation. 
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On  the  lavas  of  Adem-'By  Ck)LOHBL  C.  A.  McMahon,  F.G.S. — (With  a  plate,) 

A  BRIEF  account  of  the  extinct  volcano  of  Aden  is  given  by  Mr.  F.  R.  Mallet, 
P.G.S.,  in  his  paper  **  On  the  Geological  structure  of  the  country  near  Aden, 
with  reference  to  the  practicability  of  sinking  Artesian  Wells."  Vol.  VII,  Memoirs, 
Geological  Survey  of  India. 

The  following  description  of  the  lavas  found  at  Aden  is  taken  from  Mr.  Mallet's 
paper :  "  The  varieties  of  rock  met  with  are  very  numerous ;  there  are  perfectly 
compact  lavas  of  brown,  grey,  and  dark-green  tints,  sometimes  containing  crystals 
of  augite  and  not  unfrequently  those  of  sanidine,  and  there  are  rocks  exhibiting 
every  degree  of  vesicularity  until  we  arrive  at  lavas  resembling  a  coarse  sponge 
and  passing  into  scoriaa.  The  vesicles  again  are  in  some  specimens  globular,  and 
in  others  flat  and  drawn  out.  In  some  places  the  lava  is  quite  schistose,  and 
might  if  seen  per  se  be  easily  mistaken  for  a  metamorphic  rock.  Such  lava  is 
sometimes  vesicular,  but  by  no  means  always  so,  at  least  not  to  the  naked  eye. 
Volcanic  breccias  are  also  met  with,  as  near  the  main  pass  where  fragments  of 
dark-green  lava  are  imbedded  in  a  reddish  matrix.  Tufas  are  also  present,  but 
apparently  to  a  limited  extent.  Some  specimens  of  tufa  shown  me  by  Captain 
Mander,  the  Executive  Engineer,  were  made  up  principally  of  fragments  of 
pumice,  from  which  it  would  appear  that  pumice  must  be  amongst  the  volcanio 
products,  though  I  am  not  aware  of  any  locality  in  which  it  is  found  in  situ. 
Obsidian  is  to  be  met  with  occasionally  in  thin  seams." 

I  have  not  met  with  any  detailed  account  of  the  micro-petrology  of  the  Aden 
lavas,  but  the  following  passing  allusions  to  them  may  be  quoted  here.  Mr.  Frank 
Butley,  F.G.S.,  in  his  Study  of  Rocks,  p.  152,  2nd  edition,  writes  as  follows: 
"  A  globular  condition  of  silica  has  been  lately  described  by  Michael  L^vy  as 
occurring  in  the  euritic  porphyries  of  Les  Settons,  and  similar  globular  conditions 
of  silica  have  been  observed  and  noticed  by  M.  V^lain  in  a  quartz  trach3rte  from 
Aden.  The  former  author  regards  this  condition  as  intermediate  between  the 
crystallized  and  the  colloid  forms  of  silica." 

Professor  A.  Daubr^,  in  his  paper  on  zeolitic  and  silicious  incrustations 
(Q.  J.  G.  S.,  XXXIV,  73),  states  that  silicious  infiltrations  are  found  in  many 
volcanic  rocks  of  the  "  trachydoleritic  class,"  and  refers  to  Aden  as  one  of  his 
examples. 

The  above  are  the  only  references  to  the  Aden  rocks  that  I  have  yet  met  with, 
and  the  following  account  of  some  of  the  lavas  to  be  found  at  that  place  may 
not  be  without  interest.  As  I  have  never  been  able  to  remain  at  Aden  for  more 
than  a  few  hours,  my  examination  of  the  extinct  crater  has  only  been  a  cursory 
one.  The  specimens  from  the  vicinity  of  the  tanks  were  collected  by  me,  but  the 
others  were  collected  for  me  by  a  resident  Engineer  through  the  kindness  of  a 
friend.     I  proceed  to  describe  the  specimens  in  detail. 


Bascdts, 

No.  1. — A  grey  compact  lava.  With  the  aid  of  a  pocket  lens,  crystals  of  felspar 
and  numerous  dots  of  a  greenish-yellow  amorphous  mineral  are  visible  here  and 
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there.  The  locality  in  Aden  from  which  this  specimen  was  obtained  is  nnknown. 
Sp.  G.  2*78.  The  rock  is  magneiie  and  nnder  ihe  blowpipe  fuses  to  a  black 
bead. 

IL — The  base  consists  of  a  devitrified  glass  in  which  dendritic  and  rod-like 
forms  of  magnetite  are  abundant.  Magnetite  is  also  present  in  regular  dystaUo- 
graphic  forms. 

In  this  base  countless  prisms  of  felspar  are  starred  about ;  wbilst  large  por- 
phyritic  oystals  of  that  mineral  are  visible  Here  and  there.  The  porph jritic 
crystals  are  all  plagioclase  with  the  exception  of  one  medium-sised  prism  which 
is  orthoclase.  Many  of  the  minute  prisms  are  visibly  triclinic  and  the  otbers  are 
presumably  so.     The  porphyritic  felspars  contain  numerous  endosnres  of  tbe  base. 

There  are  several  augite  ciystals  in  the  slice,  but  they  are  not  veiy  fresh. 
Part  of  the  magnetite  has  been  converted  into  h»matite  or  gothite,  imparting  a 
reddish  tinge  to  the  slice^  when  viewed  in  reflected  light. 

The  greenisb-yellow  amorphous  mineral,  alluded  to  above,  is  probaUy  a 
secondary  product  of  the  decomposition  of  olivine,  but  none  of  the  unaltered 
mineral  is  to  be  detected. 

This  rock  is  evidently  an  ordinary  basalL 

No.  2. — ^A  very  dark-grey  lava  from  Station  Flagstaff  HilL  It  is  highly  vesi- 
cular, the  area  of  the  vesicles  iu  the  thin  slice  being  nearly  equal  to  the  substance 
of  the  lava  itself,  but  they  are  too  minute  to  be  seen  by  the  unaided  eye. 

The  rock  is  decidedly  magnetic  and  fuses  readily  to  a  black  bead.  It.  seems 
to  be  a  jhvourite  rock  for  building  purposes,  and  it  is  said  to  take  the  chisel  welL 

M. — ^The  ground-mass  is  perfectly  opaque  except  at  the  edges  of  the  vesicular 
^>aces  and  at  the  ends  of  felspar  crystals,  where  it  is  seen  to  be  made  up  of 
microscopic  globulites  and  grains  of  crystalline  [matter.  Some  of  this  globulitic 
granular  matter  appears  to  be  augite. 

The  ground-mass  contains  numerous  crystallites  and  small  crystals  of  felspar, 
several  of  which  are  distinctly  triclinic.  They  contain  many  enclosures  of  the  base, 
and  some  are  mere  skeleton  crystals.  Some  of  the  larger  felspars  enclose  prisms 
of  apatite. 

Several  augites  are  visible  in  the  ground-mass. 

This  specimen  is  also,  I  think,  a  basalt. 

No.  3. — A  very  dark-grey  finely  vesicular  lava  closely  resembling  the  last. 
The  rock  is  magnetic  and  it  fuses  under  the  blowpipe  to  a  black  bead.  From 
fiasBaraldu. 

M. — This  so  closely  resembles  the  last  that  a  separate  description  is  not 
necessary.  The  vesicles  are  not  so  uniformly  distributed  as  in  the  last  specimen 
and  merge  into  elongated  confluent  cavities.  The  thin  slice  in  reflected  light  has 
a  warm  brown  tint.  The  ground^nuass  is  not  so  absolutely  opaque  as  the  last 
specimen.  In  the  larger  felspars  the  enclosures  of  the  base  are  so  abundant  as  to 
give  them  quite  a  skeleton  appearance.  A  fragment  of  augite  is  present  in  the 
ground-mass. 

This  is  said  to  be  a  good  building-stone  and  to  take  the  chisel  weU. 

No.  4. — A  dull  red  highly  vesicular  lava.    It  powerfully  affects  the  magnet, 
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and  it  fuses  under  the  blowpipe  to  a  very  dark  mass  that  adheres  to  the  magnet. 
Locality  from  which  obtained  nnknown. 
M. — The  gronnd-mass  is  quite  opaque. 

Andesites. 

No.  5.— A  slaggy-looking  laya  with  ciystals  of  felspar  visible  here  and  there. 
Some  vesicular  cavities  contain  a  zeolite  which  also  forms  incrustations  on  the 
ixirlace.  The  specimen  was  obtained  near  the  Station  Point  Cemetery.  Sp.  G.  2*64. 
Ihe  determination  of  the  specifu;  gravity  may  be  a  little  under  the  mark,  as  there 
iie  a  few  vesicular  cavities.  The  specimen  is  powerfully  magnetic,  and  it  f use^ 
bt  the  edges. 

H. — The  ground-mass  is  nearly  opaque  and  consists  of  multitudes  of  grains  of 
magnetite  disseminated  through  a  base  of  flocculent  matter,  probably  a  product  of 
levitrification  rather  than  of  decomposition.  None  of  the  magnetite  exhibits 
regular  ciystallographio  forms,  and  part  of  it  has  been  converted  into  haamatite 
}r  gothite.  The  latter  imparts  a  reddish  and  pseudo-felspathio  appearance  to 
much  of  the  base  when  viewed  maoroscopically. 

The  ground-mass  contains  numerous  micro-prisms  of  felspar,  whilst  felspars 
)f  large  size  are  porphyritically  embedded  in  it.  The  latter  are  nearly  all  visibly 
ariclinio,  and  contain  very  numerous  enclosures  of  the  base,  and  buff  coloured 
unorphous  masses,  that  probably  represent  decomposed  augites.  Augites  are  not 
mfrequently  caught  up  in  large  felspar  crystals,  as  is  the  case,  also,  in  slice  No.  1. 
rhe  felspar  contains  gas  cavities  and  enclosures  of  ferrite. 

No.  6. — A  dark-grey  vesicular  lava  from  the  vicinity  of  Station  Point  Ceme- 
ieiy.  The  hand  i^>ecimen  resembles  the  mudstone  matrix  of  a  conglomerate  from 
vhich  the  pebbles  have  been  extracted,  the  vesicular  spaces  having  very  smooth 
md  regular  surfaces  as  if  they  had  enclosed  hard  substances.  Sp.  G.  2*61. 
Phe  hand  specimen  is  strongly  magpietic  and  fuses  easily  under  the  blowpipe  to  a 
)lack  bead  which  adheres  to  the  magnet. 

M.— A  striking  feature  in  this  slice  ia  the  presence  of  numerous  crystals  of  a 
«d  mineral  which  I  have  not  been  able  to  satisfactorily  identify.  It  occurs  in 
ix  and  four-sided  prisms,  and  in  irregular  shapes,  and  in  fragment-like  pieces. 
$ome  are  in  long  and  thin  prisms,  others  in  rather  massive  lumps.  In  trans- 
oitted  light  it  is  of  rich  orange  red  colour — ^yellowish  orange  when  thin — deeper 
ed  when  thick.  When  the  polariser  alone  is  revolved  it  absorbs  light  distinctly, 
mt  does  not  change  colour.  It  very  frequently  contains  enclosures  of  felspar,  and  in 
me  instance  the  latter  has  conformed  to  the  shape  of  the  prism.  These  enclosures 
eem  to  indicate  that  the  mineral  is  an  original  constituent  of  the  rock  and  not  a 
eoondary  product.  The  cleavage  is  irregular.  The  angle  of  the  prism  varies 
'exy  much ;  some  being  nearly  right  angles,  others  being  very  obtuse.  The  average 
»f  the  measurements  of  17  prisms  come  to  10di°  52'.  In  a  few,  not  included  in 
his  average,  adjacent  faces  intersected  at  an  angle  of  135°.  The  variation  in 
he  angle  seems  due  to  the  mineral  itself  and  not  to  oblique  slicing. 

Extinction  coincides  with  the  length  of  the  prism  and  with  the  diagonal  of 
ihe  prismatic  angles  seen  in  cross  section. 


148  Records  of  ih$  Geological  Survey  of  India.  [vol.  xvr. 

Between  crossed  nicols  the  mineral  changes  from  dark  to  its  mtnral  oolonr  in 
this  slice,  but  in  No.  16  it  changes  from  dark  to  a  rich  crimson  colour. 

The  prevalence  of  four-sided  prisms  is  against  the  mineral  being  mbellite,  or 
w  allied  species  of  tourmaline ;  its  orange  colour  and  transparency  shuts  out  the 
idea  of  its  being  hsBmatite,  whilst  the  extinction  shows  that  it  is  not  a  monoclinic 
pyroxene.  In  some  respects  it  would  do  for  brookite  and  the  angles  would  sgree 
fairly  well  with  the  Arkansas  variety  of  that  mineral,  but  I  do  not  fsel  satisfied 
that  it  is  brookite. 

Can  it  be  an  ortho-rhombic  pyroxene  ?  the  presence  of  which  mineral  inangite- 
andesites  has  recently  been  determined  by  Cross,  Rosenbusch,  and  TeaL  Its 
colour  is  not  &vourable  to  this  supposition-  Altogether  the  mineral  is  rather  a 
puzzle  to  me  at  present. 

The  base  of  the  rock  under  consideration  consists  of  asUghily  devitrified  g^ass, 
of  pale  yellowish  colour,  in  which  are  disseminated  a  micro-crystalline  mixture  of 
felspar,  magnetite,  and  granular  hornblende  or  augite.  It  is  not  dichroic  and 
from  the  angle  of  extinction  in  some  pieces  of  prismatic  form  I  iMnk  it  is  augite. 

Besides  the  micro-prisms  of  felspar,  scattered  in  great  abundance  through 
the  base,  felspars  in  larger  prisms  are  porphyritically  imbedded  in  the  ground- 
mass.    They  are  nearly  all  visibly  triclinic,  as  are  some  of  the  very  small  ones. 

Considering  the  low  specific  gravity  of  the  last  two  specimens,  I  think  they 
must  be  classed  as  andesites.  They  are  evidently  transitional  forms  between  the 
basalts  and  the  trachytes  of  the  Aden  volcano. 

Trachytes. 

No.  7. — A  grey  compact  lava  with  minute  crystals  of  sanidine  visible  here  and 
there.  From  the  vicinity  of  the  tanks.  Sp.  G.  2*66.  The  hand  specimen  is 
magnetic,  but  not  strongly  so.     Under  the  blowpipe  it  fuses  to  a  dark  bead. 

M.— The  ground-mass  consists  of  an  intimate  mixture  of  minute  felspar 
prisms  and  irregular-shaped  pieces  of  felspar :  countless  patches  or  grannies  of 
hornblende,  and  grains  of  magnetite  and  ferrite.  In  this  are  porphyritically 
imbedded  large  crystals  of  felspar ;  plagioclase  and  sanidine  being  almost  equally 
abundant.  Two  of  the  latter  present  penetration  twins,  the  others  are  twinned  on 
the  Carlsbad  type. 

The  sanidine  contains  numerous  enclosures  of  the  ground-mass,  and  also  stone 
or  glass  enclosures  that  have  deposited  mineral  matter  on  cooling.  Two  of  theso- 
are  depicted  at  figs.  7  and  8. 

The  margin  of  many,  and  occasionally  the  whole  of  the  sanidines  in  tiiis, 
and  in  most  of  the  slices  about  to  be  described,  have  a  curious  dusty  appearance. 
Under  high  powers  these  felspars  are  seen  to  be  full  of  imperfectly  defined 
contorted  fibrous  particles  of  a  doubly  refracting  mineral,  and  the  dusty  appear- 
ance seems  to  be  due  to  the  irregular  intergrowth  of  either  quartz,  or  another 
species  of  felspar.  These  enclosures  do  not  interfere  with  twinning,  and  the 
latter  shows  that  the  mineral  is  sanidine  and  not  nepheline. 

In  a  portion  of  the  slice  the  hornblende  and  magnetite  are  arranged  in  dendri- 
tic combinations. 
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The  hornblende  exhibits  dichroism  very  strongly.  One  set  of  cleavage  lines 
are  occasionally  to  be  seen,  and  the  angle  of  extinction  is  characteristic  of  horn- 
blende. 

The  slice  contains  a  piece  of  the  red  mineral  described  under  No.  6. 
No.  8. — ^A  grey  compact  rock  with  numerous  crystals  of  sanidine  imbedded  in 
it.    From  the  vicinity  of  the  tanks.  Sp.  G.  2'63.  The  hand  specimen  is  distinctly 
magnetic ;  under  the  blowpipe  it  fuses  at  the  edges  and  adheres  to  the  magnet. 

M. — ^This  specimen  is  more  felspathic  than  the  last,  and  the  base  in  transmitted 
light  is  clearer.  It  consists  of  a  micro-crystalline  admixture  of  felspar,  in  which 
very  numerous  patches  of  a  yellowish-green  hornblende,  and  grains  of  magnetite, 
are  freely  scattered  about.  Thero  aro  also  a  good  many  patches  of  heamatite,  or 
gothite,  most  of  which  are  directly  connected  with  magnetite  grains. 

Thero  aro  two  sizes  of  felspar  crystals  porphyritically  imbedded  in  the  ground- 
masSy  namely,  medium-sized  and  very  large  sized.  Nearly  the  whole  of  the 
felspar  of  all  sizes  is  orthoclase,  but  thero  are  a  few  prisms  of  plagioclase.  The 
larger  prisms  contain  numerous  rod-like  belonites,  some  of  which  aro  fractured, 
which  aro  doubtless  imperfectly  formed  apatite  crystals.  In  some  cases  opacite,  or 
granular  magnetite,  has  formed  on  these  belonites,  and  sketches  of  three  of  them 
are  given  at  figs.  11,  12,  and  13.  These  combinations  are  particularly  worth 
noting,  because  exactly  similar  forms  are  common  in  the  gneissose  granite  of  the 
North- West  Himalayas,  and  in  both  cases  they  seem  to  afford  evidence  of  the 
rocks  which  contain  them  having  been  reduced  to  a  fused  or  plastic  condition. 

In  fig.  13  the  magnetite  is  seen  to  have  formed  on  the  belonite  after  the 
consolidation  of  the  latter,  and  to  have  completely  embraced  it.  In  fig.  12 
the  magnetite  has  partially  encircled  the  larger  mineral  in  its  arms,  whilst  in 
fig.  11  it  has  consolidated  along  its  edge.  In  fig.  II  a  cavity,  running  with  the 
length  of  the  belonite,  is  seen  depicted  at  (a).  It  is  probably  due  to  shrinkage  on 
cooling. 

It  is  interesting  to  find  bodies,  such  as  those  described,  common  to  add  lavas 
and  the  gneissose  granite  of  the  Himalayas. 

The  felspars  contain  thousands  of  air  or  gas  cavities. 

An  isotropic  mineral  is  to  be  seen  hero  and  there ;  one  of  the  crystals  presents 
a  six-sided  outline— the  sides  being  equal — whilst  the  others  are  in  more  rounded 
forms.     It  is  doubtless  garnet. 

No.  9.— A  grey  compact  rock,  somewhat  mottled  in  appearance,  with  minute 
prisms  of  felspar  visible  here  and  there.  The  specimen  was  obtained  near  the 
tanks.  Sp.  G.  2*60.  The  rock  attracts  the  magnet,  and  it  fuses  under  the  blow- 
pipe to  a  dsxk  bead. 

M.— «The  ground-mass  ia  dark  owing  to  the  abundance  of  magnetite ;  in  other 
respects  it  does  not  differ  from  that  of  the  slices  of  trachyte  previously  described. 
Amongst  the  large  porphyritic  crystals  plagioclase  preponderates  over  the  sani- 
dine, but  the  smaller  crystals  all  belong  to  the  latter  species.  Some  of  the 
triclinio  felspar  is  in  the  form  of  long  thin  prisms. 

The  larger  felspars  contain  numerous  enclosures  of  the  ground-mass.  In 
acme  they  are  so  abundant  as  to  g^ve  the  prisms  a  somewhat  skdeton  appearance. 
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QntartM  traehiftet. 

No.  II. — ^A  grey  oompact  rock  with  minute  crystals  of  sanidine  risible  here 
md  there.  Part  of  it  is  of  dark  grey,  and  part  a  very  light  grey  colour;  and 
when  examined  with  the  aid  of  a  pocket  lens,  it  has  the  appearance  of  two 
nagmas  impeif  ectly  mixed  together.  The  specimen  was  obtained  near  the  tanks. 
}p.  O.  2*60.  Tlte  rock  is  strongly  magnetic.  The  dark  portions  fuse,  under 
he  blowpipe,  to  a  dark  magnetic  bead,  but  the  light  portions  fuse  at  the  edges 
mly  to  a  transparent  colourless  glass. 

H.-*Thi8  is  a  very  beautiful  specimen  in  the  field  of  the  mieroscope.  The 
nround-mass  in  transmitted  light  is,  in  parts,  very  clear  and  transparent,  and 
u  other  parts,  representing  the  dark  portions  previously  alluded  to,  the  magnetite 
md  hornblende  are  crowded  together,  so  as  to  almost  cover  an  area  equal  to  that 
icoupied  by  the  felspar.  In  the  clearer  portions  of  the  ground-mass  the  magnetite 
Old  hornblende  are  in  larger  and  in  more  perfectly  crystallized  grains.  In  the 
lark  portions  much  of  the  hornblende  is  in  an  embryonic  condition,  being  shapeless 
iffgregatioDS  of  minute  g^nules,  the  optical  charactera  of  which  are  indistinct. 

From  the  microscopic  examination  of  this  slice,  I  am  disposed  to  think  that 
he  mottled  character  of  the  rock  is  due  to  segregation. 

There  are  numerous  large  crystals  of  sanidine  scattered  through  the  ground- 
uass  besides  othen  of  medium  size.  Plagiodase  is  sparse.  The  large  felspar 
oystals  contain  numerous  enclosures  of  hornblende  and  a  profusion  of  stone 
inclosures.  The  curious  dusty  appearance  seen  along  the  border  of  sanidines^ 
laaeribed  under  No.  7,  is  very  prominent  in  those  of  this  slice. 

Patches  of  heamatite  or  gbthite  are  visible  here  and  there,  and  some  of  it 
s  distinctly  traceable  to  the  alteration  of  magnetite ;  whilst  large  grains  of  the 
alter  have  also  stained  the  matrix  for  some  distance  round  them  with  a  yellowish 
loaUy  refractive  substance. 

The  slice  contains  a  garnet  and  a  little  apatite.  Here  and  there  patches  of 
lomblende  very  much  resemble  leaflets  of  mica,  but  I  do  not  think  any  of  them 
ife  really  that  mineral,  as  they  are  of  exactly  the  same  tint  as  the  undoubted 
lomblende  contained  in  the  slice,  and  no  trace  of  cleavage  is  visible  in  any  of 
he  flakes  alluded  to.  The  slice,  however,  contains  a  thin  string  of  ciypto- 
Tystalline  mica  meandering  about  in  it,  similar  to  that  described  in  my  paper 
m,  the  gneissose  granite  of  Dalhousie.  This  additional  link  connecting  acid 
rolcanic  rocks  with  the  gneissose  granites  of  the  North. West  Himalayas  is  most 
uteres  ting. 

Free  quarts  is  to  be  seen  here  and  there  in  the  ground-mass.  It  is 
ividently  a  residuum,  and,  like  the  quartz  of  granite,  it  is  moulded  on  to  the 
ither  minerals. 

The  slice  also  contains  another  specimen  of  the  red  mineral  described  under 
!ra6. 

No.  12.— fA  pale  grej  compact  rock  with  crystals  of  sanidine  porphyiitic  in 
t,  from  the  vicinity  of  the  tanks.  Sp.  G.  2'57.  The  hand  specimen  is  magnetic. 
[Jnder  the  Uowpipe  portions  fuse  to  a  magnetic  bead,  whilst  other  porticos  are 
Mit  slightly  acted  on. 
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M. — ^This  specimen  so  doselj  resembles  the  last  described  that  ooly  a  few 
additional  remarks  are  needed.  Plagioclase  is  subordinate  to  the  orthocbae. 
Magnetite  is  plentiful  and  is  in  well-shaped  grains*  Haomatite  is  also  abandani 
and  for  the  most  part  assumes  dendritic  forms,  and  is  but  feebly  transluoeni 

Hornblende  is  very  abundant,  being  present  in  both  the  ground-mass  and  in 
the  felspar  crystals;  and  some  of  the  orystaLs  present  well-shaped  six-sided  pris- 
matic sections. 

Apatite  is  extremely  abundant  in  the  ground-mass,  and  the  rock,  when 
examined  chemically,  gives  the  phosphoric  acid  re-action  with  moljbdate  of 
ammonia  very  decidedly. 

The  slice  contains  two  shapeless  garnets. 

Glass  and  stone  cavities  are  veiy  abundant  in  the  felspar  ciystals,  and  aie 
for  the  most  part,  of  types  similar  to  figs.  4  and  5.  Figs.  ^  10,  and  16  are  taken 
from  this  slice. 

As  in  the  last  specimen,  free  quartz  is  present  in  the  ground  mass. 

No.  13. — ^A  mottled  grej  compact  lava  with  felspar  ^usets  visible  here  and 
there.  It  was  obtained  near  the  tanks.  Sp.  G.  2*56.  It  is  magnetic,  and  its 
behaviour  under  the  blowpipe  is  as  in  Nos.  11  and  13. 

M. — This  specimen  is  so  similar  to  the  last  tiiat  a  detailed  description  is 
unnecessary.  The  ground-mass  is  not  as  clear  as  the  two  last  slices ;  but  the 
felspar  crystals,  on  the  other  hand,  do  not  contain  hornblende,  and  they  an 
much  more  free  from  enclosures  generally. 

Apatite  is  very  sparse,  and  there  are  no  garnets.  Haematiteis  not  so  abnndaai^ 
and  it  is  not  in  dendritic  forms. 

The  slice  contains  an  augite  with  a  deep  dark  border. 

Numerous  glass  or  stone  enclosures  are  to  be  observed  in  the  wmiilfnfi^  iJHto!^ 
trations  of  which  are  given  at  figs.  4  and  5.  In  some  the  matter  deposited  on 
cooling  appears  to  be  partly  mineral  and  partly  gaseous,  as  in  figs.  6,  9,  and  16 ; 
that  is  to  say,  a  gas  appears  to  have  first  separated  from  the  glass,  on  the  con- 
solidation of  the  latter,  and  then  on  cooling  to  have  deposited  mineral  matter 
previously  held  in  suspension. 

Numerous  gas  or  air  bubbles  are  present  in  the  ground-mass. 

Free  quartz  is  present  as  in  the  last  two  specimens. 

Fluxion  structure  is  observable  in  a  portion  of  the  ground-mass,  where  the 
microliths  of  felspar  are  seen  to  flow  round  a  large  crystal. 

A  sketch  of  a  portion  of  this  slice  is  given  at  fig  1.  It  is  not  poaaible  on 
the  scale  at  which  it  is  drawn  to  attempt  to  depict  the  microliths  of  the  ground- 
mass. 

No.  14. — A  light  grey  compact  rock  with  sharply  defined  patches  of  a  dark 
lava  visible  here  and  there  imparting  a  brecciated  appearance  to  the  hand 
specimen.  This  lava  occurs  near  the  tanks.  Sp.  G.  2*48.  The  rock  attracts 
the  magnet,  but  fragments  of  it  are  infusible  before  the  blowpipe.  Facets  of 
felspar  are  visible  in  the  dark  and  light  portions  alike. 

M. — The  ground-mass  is  clear  owing  to  the  comparative  sparseness  of  magne- 
tite.    There  are  only  two  or  three  small  pieces  of  hornblende  present  in  the  slice* 
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There  is  no  plagioclase,  bat  sanidine  is  very  abundant,  and,  as  usual,  is  present 
in  Tery  large,  in  medium,  and  in  minute  crystals. 

Quartz  is  abundant  and  is  a  mucb  more  prominent  feature  in  the  ground- 
masB  than  in  any  of  the  specimens  previously  described.  Over  about  half  the 
botal  area  of  the  slice,  the  quarts  is  intimately  intermixed  with  the  felspar  of 
ihe  ground-mass,  and  in  polarised  light  the  combination  of  the  two  present  a 
•urious  sieve-like  appearance,  the  quartz  constituting  the  meshes.  Here  and 
ihere  five  quartz  forms  larger  masses  having  an  irregular  ramifying  external 
outline.     Minute  crystals  of  sanidine  are  frequently  imbedded  in  the  free  quartz. 

There  are  a  few  small  garnets,  whilst  magnetite,  ferrite,  and  haamatite  or 
rothite  are  present  as  usual. 

No.  15. — A  greenish-grey  vesicular  lava  from  behind  the  post  office.  The 
preater  part  of  Steamer  Point  Church  is  said  to  be  built  of  this  rock.  From 
I  builder's  point  of  view,  it  is  said  to  weather  badly.  The  hand  specimen  is 
eebly  magnetic ;  and  under  the  blowpipe  it  becomes  glassy  on  the  surface,  but 
Loes  not  fuse  to  a  bead. 

M.— 1  have  examined  four  slices  of  this  interesting  lava.  The  ground-mass 
3  micro-aphanitic,  and  is  composed  of  minute  prisms  of  felspar  radiating  in 
Jl  directions.  Grains  of  quartz  are  visible  here  and  there  in  the  ground-mass, 
mt  they  are  most  abundant  along  the  margins  of  the  vesicular  cavities  when 
hey  exhibit  rounded  and  hexagonal  outlines.     It  is  I  think,  tridymite. 

The  quartz  contains  numerous  liquid  cavities  with  enclosed  bubbles,  a  fair 
nroporfcion  of  which  are  movable.  The  size  of  the  bubbles,  relative  to  that  of 
^e  cavities  containing  them,  varies  so  much  that  no  reliable  calculation  can  be 
based  on  the  proportion  between  the  two.  One  of  the  quartz  grains  contains  glass 
enclosures  that  have  deposited  mineral  matter  on  cooling,  and  one  of  them  has 
several  fixed  bubbles.     The  ground-mass  contains  many  air  or  gas  bubbles. 

There  are  no  porphyritic  crystals  of  felspar. 

Hornblende  is  very  abundant ;  most  of  it  is  in  acicular  prisms  of  irregular 
nitline,  and  rather  pale  green  colour,  resembling  the  hornblende  of  the  Wolf  rock 
phonolite)  of  Cornwall ;  but  there  are  larger  stumpy  prisms,  here  and  there, 
f  bluish  to  dark  green  colour  in  transmitted  light,  that  have  sharp  outlines,  give 
ood  six-sided  sections  and  occasionally  exhibit  cross  prismatic  cleavage  lines- 
t  is  decidedly  dichroic  changing  from  brown  to  bluish-brown ;  but  under  crossed 
ieols  the  absorption  is  so  powerful  that  the  colours  exhibited  are  very  feeble. 

No.  16. — A  light  grey  vesicular  lava  from  Flag  StafE  Hill.  Sanidine  and 
Uartz  are  to  be  observed  here  and  there.  It  is  slightly  magnetic  and  fuses  at 
te  edges.  Numerous  round  silicious  granules  with  rough  surfaces  are  visible 
^  the  vesicular  cavities ;  they  are  dull  and  somewhat  opalescent-looking,  and 
^ve  none  of  the  liquid  lustre  of  vitreous  quartz.  Most  of  them  are  globular, 
ftki,  some  are  flattened  and  present  hexagonal  outlines  and  are  seen  to  have  a 
rellowish  nucleus.  They  are  infusible  under  the  blowpipe,  and  hydrochloric 
^id  takes  no  notice  of  them. 

M. — Under  the  microscope  these  spherulitic  bodies  are  seen  not  to  be  exclu- 
•ively  confined  to  the  edges  of  the  vesicular  cavities,  but  to  occur  occasionally 
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in  the  gronnd-inass  itself.     Their  central  portions  are,  in  transmitted  light,  of 
buff  colonr,  and  are  feebly  translncent,  bnt  the  onter  portions  are  transpaieni 
Most  of  the  globnlar  bodies  have  ronnded  outlines,  bnt  others  are  flattened 
at  the  poles  and  present  a  hexagonal   prism  in  section.    Those  which  occnr 
along  the  edges  of  vesictilar  cavities  are  segments  of  circles,  the  yellow  nucleus 
being  truncated  and  abutting  directly  on  the  edge  of  the  ground-mass.    Under 
crossed  nicols  the  transparent  portion  is  seen  to  have  a  distinctly  radiated  stnic- 
ture,  and  in  some  a  dark  cross  is  visible.     They  polarise  in  simple  black  snd 
white  and  never  exhibit  colours.     In  some,  the  rough  exterior  surface,  alluded 
to  in  my  remarks  on  the  macroscopic  aspect  of  the  rock,  appears  to  result  from 
minute  prisms,  or  minute  plates  of  tridymite  projecting  &om  the  outer  surfue. 
In  both  cases  the  angles  of  adjoining  faces  are  approximately  120^. 

These  globular  bodies  seen  in  section  resemble  the  spherulites  of  rhyolitefl, 
dacites,  and  acid  vitreous  rocks,  and  were  those  found  in  the  ground  mass,  seen 
by  themselves  they  would  undoubtedly  be  taken  for  ordinary  spherulites ;  hni 
the  way  they  stand  out  from  the  surface  of  the  vesicular  cavities,  their  ooa- 
sional  hexagonal  outline,  and  the  fact  that  the  yellow  globular  nuclei  of  those 
which  line  the  vesicular  cavities  ar  usually  bisected  by  the  bounding  snrhuse 
of  the  ground-mass,  and  are  not  continued  into  it,  shows  that  they  differ  from 
ordinary  spherulites.  They  have  evidently  been  formed,  in  the  great  majority  of 
cases,  either  by  the  exudition  of  silica  from  the  base  into  the  vesicular  cavities, 
or  have  been  deposited  in  these  cavities  through  the  agency  of  steam  or  water; 
and  are  not,  like  ordinary  spherulites,  the  product  of  the  devitrification  of  tiie 
glassy  base. 

I  presume  that  these  globules  are  identical  with  those  noticed  by  M.  Vflain 
(see  ante).  Their  behaviour  under  crossed  nicols  is  not,  however,  similar  to 
M.  Michael  Levy's  description  of  the  globular  silica  occurring  in  the  euritic 
porphyries  of  Les  Settons. 

It  is  not  quite  clear  what  Michael  L6vy  means  by  a  "condition  intermecUfde 
between  the  crystallized  and  the  colloid  forms  of  silica."  It  seems  4o  me  ths* 
the  globular  silica  of  the  Aden  lavas  is  only  a  variety  of  hyalite,  and  that  its 
peculiarities  are  principally  due  to  an  intergrowth,  or  rather  to  a  successive  form- 
ation of  hyalite  and  tridymite.     The  nuclei  are  probably  formed  of  common  optL 

The  ground-mass  of  the  rock  under  consideration  is  micro-aphanitic,  and 
consists,  as  in  many  of  the  previous  specimens,  of  light  clear  portions  and  dark 
portions,  as  though  two  magmas  had  imperfectly  mixed  together. 

Some  largo  porphyritic  crystals  of  felspar  are  triclinic.  Some  of  the  felspars 
contain  large  enclosures  of  the  ground  mass  which  have  not  entirely  separated 
from  the  main  mass ;  whilst  the  dusty  appearance  described  in  the  previous 
pages  is  very  prominent  in  the  felspars  of  this  slice.  In  some  cases  it  makes 
them  resemble  nepheline,  but  the  angle  of  extinction  and  the  twinning  of  tbe 
sanidine  and  plagp'oclase  (for  the  dusty  appearance  is  seen  in  both  classes  of  fels- 
pars) usually  prevent  any  mistake  in  their  identification. 

The  ground-mass  contains  granules  of  greenish  hornblende,  whilst  minute 
four  and  six-sided  well-shaped   prisms  of  a  brownish   hornblende  project  from 
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the  g^und-mass  into  the  vesicular  cavities.     The  prism  of  one  measured  exactly 
l24^  30  } 

Apatite  is  present,  also  magnetite  and  hsBmatite  or  gothite.  There  are  also 
several  large  and  small  ciystals  of  the  orange  red  mineral,  previously  described. 
Between  crossed  nicols  it  changes  from  a  rich  crimson  colour  to  dark. 

Several  of  the  vesicular  cavities  are  stopped  wifch  calcite. 

No.  17. — A  greenish-grey  fine-grained  but  highly  vesicular  lava,  from  the 
nwntj  of  the  Station  Point  Cemetery.  It  is  distinctly  magnetic  and  fuses  at 
he  edges  under  the  blowpipe.     The  siliceous  globules  are  abundant. 

M.-*This  is  more  uniformly  vesicular  than  the  last  specimen,  and  the  vesi- 
mlar  spaces  occupy  a  considerable  area  relative  to  the  ground-mass;  consequently 
rery  large  cryials  of  felspar  are  wanting  and  medium-sized  ones  are  comparative- 
y  rare.     In  other  respects  this  specimen  closely  resembles  the  last. 

There  are  siliceous  globules,  as  in  the  last,  but  tridymite  is  also  abundant  and 
>ccur8  on  the  edges  of  the  vesicular  cavities.  An  overlapping  of  the  plates  is  an 
ilmost  constant  feature  in  the  tridymite  of  this  and  other  slices.  The  vesicular 
savities  are  occasionally  plugged  with  a  fibrous  zeolite. 

The  red  mineral  is  absent  and  the  brown  hornblende,  of  the  last  specimen,  is 
txtremely  sparse.     Green  hornblende  in  acicular  prisms  is  very  abundant. 

Trachytic  Pitchstones, 

No.  18. — A  compact  brick-red  lava  with  facets  df  felspar  visible  here  and 
here.  From  the  vicinity  of  the  Station  Point  Cemetery.  Sp.  G.  2*40.  The 
ock  is  magnetic  and  fuses,  but  not  very  readily,  to  a  white  blebby  mass  full 
if  air  bubbles. 

M. — The  ground-mass  is  of  such  microscopic  fineness  that  it  requires  powers 
»f  over  100  diameters  to  make  it  out.  It  consists  of  a  matted  mass  of  felspar  mi- 
roliths  and  fine  granular  matter.  In  this  are  scattered  felspar  crystals  of  various 
izes,  some  hornblende  and  large  magnetite  grains.  None  of  the  felspars  give 
vidence  of  being  triclinic.  The  large  felspar  crystals  contain  numerous  en- 
losures  of  the  base.  The  slice  contains  countless  crystallites  of  felspar  that 
losely  resemble  those  described  in  my  paper  on  the  basalts  of  Bombay,'  having 
ither  frayed  ends,  or  being  mere  skeletons  enclosing  the  granular  matter  of  the 
Tound-mass. 

Hyalites  are  to  be  seen  in  a  few  vesicular  cavities ;  their  outlines  are  semi- 
ircular. 

This  vitreous  lava  may,  I  think,  be  described  as  a  devitrified  trachytic  pitch, 
tone.     A  sketch  of  a  portion  of  this  slice  is  given  at  fig  3. 

No.  19. — A  reddish  compact  rock  from  the  vicinity  of  the  Station  Point 
/emetery.  Sp.  G.  2*38.  This  looks  more  like  a  rotten  schist  than  a  lava.  Though 
lOt  visibly  porous  or  vesicular,  yet  when  plunged  into  water  it  gives  off  a  stream 
f  minute  air  bubbles  that  lasts  for  some  hours.  It  is  not  magnetic.  Under  the 
lowpipe  it  fuses  with  difficulty  and  becomes  frothy. 

M. — The  ground-mass  consists  of  micro-crystals  of  felspar  interspersed  with 

1  Ratley's  Stady  of  Rocks,  p.  152,  2nd  Ed.  >  Records,  Vol.  XVI.,  p.  42. 
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micro-grains  of  quartz,  and  an  amorphons  opaque  red  ferrite.  It  is  of  muc 
larger  grain  than  the  last  specimen. 

All  the  porphyritic  crystals  of  felspar  are  sanidine.  They  contain  stone  an 
glass  enclosures.  One  of  the  latter  is  depicted  at  fig.  14,  and  is  seen  to  contai 
three  fixed  bubbles  and  three  crystals.  Fig.  15  represents  a  cavity  within  a  gku 
enclosure ;  the  outer  glass  enclosure  containing  a  large  fixed  bubble  and  a  sma 
crystal.  The  inner  cavity  appears  to  contain  a  minute  bubble.  Enclosures  thi 
have  deposited  dusty  matter  on  cooling ;  and  glass  enclosures,  each  of  which  coi 
tains  a  large  fixed  bubble,  are  not  uncommon.     The  slice  contains  no  homblendi 

This  lava  seems  to  be  intermediate  between  a  quartz-trachyte  and  a  pitd 
stone,  but  must,  I  think,  be  classed  as  a  de vitrified  trachytic  pitchstone. 

Pumice, 

No.  20. — A  light  grey  pumice  obtained  in  the  vicinity  of  the  Station  Poii 
Church. 

M. — The  vesicular  cavities  are  filled  with  calcite,  a  zeolite,  and  I  think  son 
aragonite. 

The  pumicious  part  consists  of  a  glass  containing  millions  of  air  bubbles 

some  of  these  are  round,  whilst  others  are  elongated,  and  are  drawn  out  in  tb 

direction  of  the  flow. 

Conclusion, 

Though  I  cannot  suppose  that  my  collection  of  the  lavas  of  Aden  afford  con 
plete  examples  of  all  the  varieties  to  be  obtained  in  the  neighbourhood  c 
that  extinct  volcano,  still  it  is  sufficient  to  show  that  the  now  silent  craten 
in  the  days  of  their  activity,  poured  out  basic,  intermediate,  and  acid  lavas.  W 
have  presented  to  us  inside  the  main  crater  of  Aden  an  unbroken  successio: 
of  lavas,  from  acid  pitchstones,  on  the  one  hand,  to  basaltic  rocks  on  the  othei 
Pitchstones  shade  into  quartz-trachytes ;  quartz-trachytes  into  trachjtes ;  whils 
the  latter  pass  into  andesites,  and  through  them,  into  basalts.  On  the  whole,  th 
acid  rocks  seem  to  have  predominated. 

Many  of  the  lavas  described  in  these  pages  have  a  mottled,  and  even  a  breed 
ated  appearance,  and  it  is  difficult  to  say  positively  whether  this  is  due  to  segre 
gation,  or  to  an  imperfect  blending  of  basic  and  acid  magmas. 

It  would  be  interesting  to  know  the  order  of  succession  in  which  the  basic 
intermediate,  and  acid  lavas  appeared ;  but  on  this  point  I  have  no  information. 

The  specific  gravity  of  each  class  of  lava  is  low.  I  did  not  attempt  to  detei 
mine  the  specific  gravity  of  the  vesicular  specimens,  and  though  it  is  possible  tha 
hidden  vesicles  may,  to  some  extent,  have  vitiated  the  determination  of  the  specifi* 
gravity  of  some  of  those  examined,  yet,  on  the  whole,  I  am  disposed  to  attribut 
the' low  averages  to  the  predominance  of  the  acid  element  in  the  Aden  lavas. 

The  following  averages  were  obtained : — 

Basalt  Sp.  G 2*78 

Andesite  , 2*62 

Trachyte  „ 2*58 

Quartz- Trachyte  „  ......  2*55 

Pitchftone  „ 2tt9 
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1*lie  pitchstones  yield  a  somewhat  abnormally  high  speciRc  gravity,  indicating 
theip    connection  with  the  quartz-trachytes ;    but  all  the  others,   noted  above, 
thorm^h    within  the  minimum   limits,  are    below  the    normal  average    specific 
gravity  usuaUy  given  for  each  class  of  rock  in  our  text  books. 

T*lie  ground-mass  of  the  intermediate  and  acid  lavas,  described  in  these  pages, 

is  micro-aphanitic ;  in  no  instance  is  it  micro-felsitic.     There  are,  except  in  the 

extremely  vesicular  specimens,  and  in  the  pitchstones,  always  three  generations 

0!  felspar ;  micro-crystals  in  the  ground  mass,  and  medium  and  large-sized  por- 

pliyritic  crystals. 

In  the  basalts  and  andesites  the  felspar  is,  almost  without  exception,  plagio- 
clase.  Amongst  the  trachytes,  those  on  the  border  line  of  the  andesites,  as  No.  9, 
contain  more  porphyritic  crystals  of  plagioclase  than  of  sanidine ;  whilst  those 
that  approach  the  quartz-trachytes  contain  scarcely  any  plagioclase. 

In  intermediate  varieties,  as  Nos.  8  and  10,  the  porphyritic  crystals  of  tricli- 
nic  and  monoclinic  felspar  are  pretty  equal  in  number.  In  the  quartz-trachytes, 
themselves,  plagioclase  is  either  wanting  or  is  subordinate  to  the  sanidine  ;  whilst 
in  the  pitchstones  plagioclase  is  wholly  absent. 

« 

Angite  is  prominent  in  the  basaltic  lavas,  but  only  stray  crystab  of  it  are 
present  in  the  other  lavas,  namely,  in  Nos.  6,  9,  10,  and  13. 

Hornblende  is  abundant  in  the  trachytes  and  in  most  of  the  quartz-trachytes ; 
whilst  it  is  sparse  or  wanting  in  the  pitchstones. 

Magnetite  is  present  in  all  except  No.  20,  and  every  specimen,  except  Nos.  19 
(pitchstone)  and  20  (pumice),  distinctly  attracts  the  magnetic  needle ;  some  of 
them  acting  powerfully  on  it. 

Hematite  or  gothite  is  found  in  all  the  specimens  except  the  pumice ;  whilst 
spatite  is  commonly  present,  sparsely  in  some,  but  abundantly  in  others. 

An  isotropic  mineral  which  I  doubt  not  is  garnet  is  to  be  seen  in  several 
dioes,  namely,  in  Nos.  8,  9,  12,  and  14. 

There  is  nothing  in  the  appearance  of  the  mineral  to  lead  me  to  suppose  that 
it  is  hauyne,  a  mineral  frequently  mentioned  in  connection  with  trachytes. 
Zirkel,  in  his  Microscopic  Petrology  of  the  Fortieth  Parallel,  notes  the  occur- 
nnoe  of  garnet  in  rhyolites  and  trachytes  ;  and  seeing  that  this  mineral  so  com- 
monly occurs  in  granite  and  syenite,  its  presence  in  the  lava  form  of  those  rocks 
ii  hardly  surprising. 

Mica  is  conspicuous  by  its  absence ;  but  there  is,  however,  a  notable  excep- 
tion in  sHce  No.  11   (quartz-trachyte),  in  which  a  thin  string  of  crypto-crystalline 
mica,  similar  to  that  which  takes  so  prominent  a  place  in  the  gndissose  granites 
of  the  North- West  Himalayas,'  is  seen  meandering  through  the  slice.     This  link 
between  acid  volcanic  and  acid  plutonic  rocks  seems  to  afford  an  indirect  confirm- 
9&m  of  the  correctness  of  the  conclusion  regarding  the  affinities  of  the  gneissose 
gZBnite  arrived  at  on  other  grounds. 

Stone  and  glass  enclosures  are  common  in  the  felspars ;  also  cases  of  ma^e- 
tite  forming  upon  and  embracing  microliths  in  a  way  that  indicates  a  viscid,  or 

^  Records,  Volume  XVI,  p.  129. 


158  Records  of  the  Geological  Survey  of  India.  [vol.  xvi. 

fused,  condition,  and  consequent  freedom  of  molecular  action, — facts  which  also 
form  interesting  points  of  contact  with  the  gneissose  granite  of  the  Himalayas. 

The  general  absence  of  fluid  cavities  is  generally  considered  characteristic  of 
the  quartz  of  lavas,  as  compared  wit^  that  of  granite ;  but  exceptions  to  this  rule 
do  not  appear  to  be  altogether  uncommon.  Dr.  Sorby  notes  one  in  his  Ann- 
Address,  Q.  J.  G.  S  XIV.  p.  84 ;  another  instance  will  be  given  in  my  forth- 
coming paper  on  the  Traps  of  Dalhousie ;  whilst  yet  another  will  be  found 
in  this  paper  in  my  description  of  slice  No.  15. 


EXPLANATION  OF  THE  ILLUSTRATIONS. 

Pig.  1. — A  quartz-trachyte,  slice  No.  13.  The  central  felspar  is  imperfectly 
formed,  and  contains  enclosures  of  the  ground-mass. 

Fig.  2. — A  trachyte,  slice  No.  9  ;  with  a  group  of  felspar  crystals,  in  the  centre 
of  the  field,  round  which  magnetite  and  ferrite  have  collected.  The  felspars 
enclose  portions  of  the  ground-mass  alligned  in  general  correspondence  with 
the  direction  of  cleavage. 

Fig.  3.— A  devitrified  trachytic  pitchstone,  slice  No.  18. 

Figs.  4  &  5. — Stono  enclosures,  slice  No.  13. 

Fig.  6. — Enclosures  in  felspar  of  slice  No.  13.  The  matter  deposited  is  partly 
mineral  and  partly  gaseous. 

Figs.  7  &  8. — Stone  and  glass  enclosures  that  have  deposited  mineral  matter 
on  cooling. 

Fig.  9. — A  glass  cavity  taken  from  slice  No.  12  which  contains  an  enclosure 
of  gas. 

Fig.  10. — A  stone  enclosure,  slice  No.  12. 

Figs.  11,  12,  &  13. — Magnetite  and  opacite  forming  on  belonites. 

Fig.  14. — Glass  enclosure,  slice  No.  19,  containing  crystals  and  fixed  bubbles. 

Fig.  15. — A  glass  cavity  containing  an  inner  enclosure,  slice  No.  19. 

Fig.  16. — ^An  enclosure  taken  from  No.  12,  which  has  deposited  mineral  matter 
and  also  contains  gas. 


Note   on  the  Probable  Occurrence  of  Siwalik  Strata  in  China  and  Japan.     By 

R.  Ltdekkbb,  B.A.,  F.G.S.,  F.Z.S. 

I  have  lately  received  from  Herr  L.  v.  Loczy,  of  the  Royal  Geological  Survey" 
of  Hungary,  a  letter  in  which  I  am  informed  that  during  a  recent  expedition, 
to  China  he  observed  extensive  tertiary  formations  on  the  Upper  Hwanghcp 
(Hoang-ho)  river,  in  which  he  collected  fresh-water  shells  and  numerous  bones  o£ 
Proboscidia  and  Rodentia^  (sic).  In  Western  Kansu'  he  acquired  from  a  native 
dispensary  other  large  fossil  bones,  and  the  lower  molar  of  an  elephant  whictm 
he  considered  very  similar  to  the  teeth  of  the  Siwalik  Stegodon  clifti;  this  mola^ 

>  ?  Ruminantia. 

^  A  province  on  the  Upper  Hwangbo,  due  north  of  Burma. 
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CoBB.1  og<(iiA  and  Addenda  io   "Synopsis  of  the  Fossil  Vertebhata 
o/"  India/'     Supra,  pp.  61 — 94. 

If-  -ff It  ii  to  be  r^rettcd  that  3fr.  Ljdekker  coald  not  correct  the  proof  elisuts  of  liin  pupur. 

Il«ft  of  the**  coireeUoot  are  inch  ai  odIj  tbe  antbar  coald  make. — H.  B.  H. 


ft«e   62,81 


The  Coeiiiodontida  {Poecitodut  and  Pt^iodiu)  sbouM  be  leferred  to  tUe 
Oanoidgi. 
3,  liae    8  from  top,  for   Oxj/china  nwd   Oxyrhina:  the   genoi  ^harodut  sboulJ  be 

referred  to  the  Ganoida. 
3    „    21    „    bottom,  far  iariDccipilal  read  bati«ccipilal. 
6    „      4     „     top,  „    eenlre  rend  ctitlra. 

i>   „    11    „    bottom,  before  Briiuh  U»te»m,  add  Bogal  College  of  Sttrgroni  aad. 

0  „       3     „  „       (at  tiee  itaA  {kree :  in  the  following  line  ile/e  '  asd  a  an»dibh.' 

1  „      1    ,1    top.  „  Swhgdrai  read  Enhydrii, 
2,  note,  for  irvalimti  read  iravaticui. 

\  lias  19  from  top,  for  H.  kgopotanuiidet  read  A.  Jkt/opatainoidei. 

6  „    11     „       „       .,    acmlicontu  rend  porrectieomU. 

7  ••    10    „      I,      „   KUgkerrin  read  Hinalaga. 

0  „       ;i     „     bottom,  dele  'toiilk.'  ^ 

1  „      3    I,    top,  for  aheii  read  mhote. 

5   ,,      I    „    bottom,  fur  Eg.  read  JlSi—l :  alio  on  p.  87,  line  13  from  bottom. 

fi   „      4    „    top,  before  Sphgritaodut  add  TtUoitei. 

,    ,,      6    »      u   below   Pgeaodat,  udd  Spharodut  rugulu. 

be  inierted  ia  the  alphabetical  ligt. 
IS    »    20     „       „  for  dhoHioia  read  dkongoka. 

8  „    17    „    bottom,  for  Tgphalodoit  read  Ti/pklodoK. 
i>     „       8     „     lop,         „    predicat  read  indieut. 


this   nhontd  al 


'?Tra\\fti.V..^^t^  ^■WJ'I  '^ 
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fused,  condition,  and  consequent  fraedom  of  molecular  action, — facts  which  also 
form  interesting  points  of  contact  with  the  gneissose  granite  of  the  BEimalajas. 

The  general  absence  of  fluid  cavities  is  generally  considered  characteristio  of 
the  quartz  of  lavas,  as  compared  wit^  that  of  granite ;  but  exceptions  to  this  role 
do  not  appear  to  be  altogether  uncommon.  Dr.  Sorby  notes  one  in  his  Ann- 
Address,  Q.  J.  G.  S  XIV.  p.  84 ;  another  instance  will  be  given  in  my  forth- 
coming  paper  on  the  Trapsof  r>«tllirtiiflifl «  whilafc  ¥/afe  Mfi^hAr  will  be  found 


Proboscidia  and  Bodentia^  (eie).  In  Western  Eansu'  he  acquired  from  a  native 
dispensary  other  large  fossil  bones,  and  the  lower  molar  of  an  elepbant  wbicl^ 
he  considered  very  similar  to  the  teeth  of  the  Siwialik  Btegodon  clifH;  this  mol^ 

'  ?  Ruminantia. 

^  A  province  on  the  Upper  Hwangho,  due  north  of  Burma. 


^     as-,  •^,ar 


w: -i;> 


■trmi*4.»i,^';5L'?tw^-3  ^^^■*' 


PART  3.]  Lydekker:  Siwalik  Strata  in  China  and  Japan.  159 

is  described  as  being  brown  and  highly  mineralized,  and  apparently  in  very 
similar  condition  to  the  Siwalik  fossils. 

I  am  promised  an  opportunity  of  examining  a  cast  of  the  molar,  bat  the 
description  given  leaves  b'ttle  donbt  that  the  strata  whence  the  fossil  was  obtained 
correspond  to  the  Siwaliks.  It  will  be  remembered  that  Professor  Owen  has 
iescribed  ^  the  milk-molar  of  a  Stegodon,  said  to  have  been  obtained  from  "  marly 
beds  near  Shanghai,"  which  he  referred  to  a  new  species  under  the  name  of 
8.  sinensis,  but  which  I  have  seen'  no  reason  to  separate  from  the  Siwalik 
8.  elifti.  The  mineralization  of  this  specimen  (now  in  the  British  Museum)  is 
precisely  similar  to  that  o^  the  Siwalik  fossils,  and  leads  me  to  conclude  that 
the  beds  from  which  it  was  obtained,  together  with  the  Hwangho  beds,  almost 
certainly  correspond,  at  least  in  part,  to  the  Siwaliks.  The  geographical  position 
of  the  Hwangho  beds,  due  north  of  Burma,  lends  a  strong  support  to  this  conclu- 
sion, as  it  is  well  known  that  the  Siwaliks  of  that  country,  whence  Crawfurd's 
original  specimens  were  brought,  extend  far  up  the  valley  of  the  Irawadi,  and 
thus  are  only  separated  by  Yunan  and  Sechuen  from  the  Kansu  district. 

In  the  same  paper  Professor  Owen  also  described  various  other  Chinese  fossil 
mammals,  belonging  to  the  genera  Chalicotherium,  Rhinoceros,  Tapirus,  Stegodon^ 
and  Hyaena,  and  said  to  have  been  obtained  from  a  cave  in  the  province  of  Sechuen 
(Sze-chuen),  or  between  Kansu  and  Yunan  and  Burma.  The  mineralization 
of  these  specimens  is  much  less  complete  than  that  of  the  Shanghai  and  Siwalik 
fossils,  but  the  difference  in  the  manner  of  the  entombment  of  the  specimens  is 
probably  quite  sufficient  to  account  for  this.  The  genera  are  all  characteristic 
of  the  Siwaliks,  and  although  Professor  Owen  has  assigned  all  the  specimens  to 
distinct  species,  yet  it  has  appeared  to  me '  to  be  highly  probable  that  the 
Stegodon  is  the  same  as  one  of  the  Siwalik  forms ;  while  work  on  which  I  am 
now  engaged  leads  to  the  conclusion  that  the  Sechuen  hyaena  is  identical  with, 
or  very  closely  allied  to,  one  of  the  Siwalik  hyssnas.  Whether  or  no  the  species 
be  the  same,  it  appears  to  be  most  probable  that  the  Sechuen  mammals  belong 
to  the  same  period  as  those  of  the  Siwaliks,  and  connect  those  of  Burma  with 
those  of  Kansu. 

Turning  to  Japan,  it  may  be  observed  that  in  1881  Dr.  Edmund  Naumann 
figured  and  described  *  various  remains  of  fossil  elephants  from  that  country, 
which  he  referred  to  the  following  species,  viz.^  Stegodon  elifti,  8.  insignis, 
Elephas  namadicus,  and  E,  primlgenius ;  the  two  first  being  Siwalik  species,  the 
second  (or  the  allied  8,  ganesa)  also  ranging  up  into  the  Narbada  bods,  and  the 
third  being  characteristic  of  the  latter.  These  fossils  indicate  pretty  conclusively 
that  representatives  of  the  mammaliferous  beds  of  India,  which  probably  corre- 
spond both  to  the  Siwaliks  and  the  Narbadas,  exist  in  Japan,  and  are  probably 
the  continuation  of  the  Chinese  deposits. 

>  -Qaar.  Jour.  Geol.  Soc,"  Vol.  XXVI,  p  417. 

'  ••  PtilcDontologiR  lodica."    Ser.  X,  Vol.  I,  "  Siwalik  and  Narbada  rroboscidin." 
»  Tbid. 

4  «  Ueber  japanitche  Elepbanten  der  Vorzeit."     TulaontogrnpUica,'   Vol.  XXVIII,  pt.   1,  pis. 
I-'lL 
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Since  the  pnblication  of  Dr.  Naumaim's  memoir,  another  paper  on  the  san 
subject  has  appeared  by  Herr  D.  Branns,^  which  is  oertainlj  a  very  remarkal 
paper  indeed.  In  that  paper  it  is  first  of  all  attempted  to  proye  that  t 
Siwaliks  are  entirely  of  miocene,  and  the  Narbadas  of  pliocene  age,  wh 
the  Japanese  (and  presumably  the  Chinese)  mammaliferous  deposits  are  : 
referred  to  the  pleistocene.  Now  it  is  not  my  intention  on  the  present  oocasi 
to  go  again  into  the  question  of  the  age  of  the  Siwaliks  and  Narbadas,  but  the 
are  two  points  in  relation  to  Herr  Brauns'  treatment  of  this  question,  to  whi 
it  is  almost  impossible  to  omit  referring.  It  happens  to  be  inconvenient  to  1 
|ine  of  argument  that  any  of  the  Siwalik  species  should  occur  in  the  overiyi 
Narbadas,  and  therefore,  when  such  is  stated  to  take  place  he  adopts  the  Teiy  eae 
but  scarcely  scientific,  method  of  doubting  the  evidence.  Thus  in  the  case 
the  occurrence  of  Siegodan  insignii  (or  the  allied  8,  ganesa)  in  the  Narbadas,  it 
stated*  that  the  two  specimens  of  broken  teeth  figured  in  the  "  Fauna  Antiq* 
Sivalensis*"  from  those  deposits  are  not  sufficiently  perfect  for  determinatic 
and  therefore  that  8.  insignis  does  not  exist  in  the  Narbadas.  Even  if  the 
specimens  are  insufficient  evidence,  if  the  author  had  but  taken  the  trou'Ue 
refer  to  page  117  of  the  first  volume  of  the  "  PalsBontological  Memoirs,'*  he  woe 
have  seen  a  very  perfect  specimen  of  the  lower  jaw  of  8.  tnngnis  (No.  1)  frc 
the  Narbada  described  by  Dr.  Falconer ;  this  specimen,  which  is  now  in  the  Indii 
Museum,  where  there  are  others  from  the  same  beds,  leaves  not  the  slightest  dou 
that  Stegodon  insignis  (or  8.  ganesOy  which,  as  far  as  teeth  are  concerned,  is  t 
same)  occurs  in  the  Narbadas.  From  this  may  be  gathered  the  value  of  t 
following  dogmatic  statement  of  Herr  Brauns,  vu., — 

Elephaii  nfimadiciui       solely  pliocene, 
Stegodon  insignn  „      miocene. 

,,       clifti 


»»  $» 


In  the  case  of  the  occurrence  of  the  Narbada  Buhalus  palceindicus  in  the  to 
most  Siwaliks,  it  is  argued  that  the  specimens  are  not  properly  determined, 
happens,  however,  that  they  are  unquestionably  the  same  as  the  Narbada  specii 
I  have  not  figured  them  because  there  are  so  many  other  specimens  of  mo 
importance.  Similarly  doubt  is  thrown  upon  the  authenticity  of  the  stone  impl 
ments  from  the  Narbadas.  If  this  sort  of  reasoning  be  allowed,  of  course  an 
thing  can  be  proved. 

Leaving  now  the  Narbadas  and  Siwaliks  which  Herr  Brauns  has  proved  ' 
his  own  satisfaction  are  respectively  pliocene  and  miocene  and  contain  i 
species  in  common,  attention  may  be  re-directed  to  the  Japanese  fossils.  Co 
sidering,  as  Herr  Brauns  does,  that  the  beds  from  which  these  fossils  we 
obtained  are  entirely  pleistocene,  and  therefore  altogether  newer  than  the  Siwalil 
and  the  Narbadas,  it  would  never  do  that  any  of  the  fossils  from  themshou 

>  "  Ueher  japnnische  dilaviaile  Saugetliiere."  Zeits.  d.  Deutecb.  Geol.  Oesell.,  18S3,  pp.  1—83. 
2  Ibid,  p.  9. 

5  VI  56.  fig^  10.  11. 
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be  the  same  as  those  of  either  of  the  latter.    Accordingly  the  fossils  described 
and  figured  by  Dr.  Naxumuin  are  re-named  as  follows,  viz,-^ 

Elephoi  meridionaUSf  Nesti,  =  Siegodon  instgnis,  Nanmann,  pis.  3.5. 
Blephoi  a$Uiqmu^  Falc.  =  Elephu  namadicuSf  Nanmann,  pis.  6*7. 
Stegodan  nnennSf  Owen  =  Stegodon  cUfiiy  Nanmann  pis.  1-2. 

Now  there  is  not  the  slightest  shadow  of  a  doabt  that  the  specimens  figured 
by  Dr.  Nanmann  under  the  name  of  8,  insignia  are  true  Stegodons,  and  belong 
either  to  the  Siwalik  Stegodon  insignia  or  8,  honibifrons ;  they  have  nothing  what- 
ever to  do  with  a  Loxodon  like  ^«  meridionalis.  The  molars  of  E,  antiquus^  and 
B.  nanuidicus  are  so  alike  that  it  is  difficult  or  impossible  to  distinguish  them, 
tnd  there  is  therefore  at  least  a  probability  that  Dr.  Naumann's  determination 
may  be  correct.  The  specimen  figured  by  Dr.  Nanmann  as  Stegodon  clifti  is  a 
typical  specimen  of  the  last  lower  molar  of  that  species,  like  many  in  the 
Indian  Museum.  I  can  see  not  the  slightest  reason  why  this  tooth  should  be  as- 
sociated with  the  Shanghai  milk-molar  of  the  so-called  Stegodon  sinensis  and  so 
separated  specifically  from  8.  clifti  of  the  SiwaJiks. 

There  accordingly  seems  not  the  slightest  doubt  but  that  Dr.  Nanmann  is  per- 
fectly correct  in  referring  two  of  the  fossil  Japanese  elephants  to  Indian  Siwalik 
species ;  while  it  is  not  impossible  that  a  third  is  a  Narbada  form ;  a  fourth  species 
^  Iiowever,  referred  to  the  European  and  North  American  EUphas  jprimigenius^ 
^  to  this  Herr  Brauns  adds  the  European  Bison  priscm^  Bojanus. 

These  determinations  lead  to  the  conclusion  that  the  mammaliferous  beds 

of  Japan  in  all  probability  correspond  both  with  the  Siwaliks  and  Narbadas  of 

^dia  (which  may  there  be  in  normal  sequence),  with  the  former  of  which  they 

^  Connected  by  the  Shanghai,   Kansu,   Sechuen,  and  Burmese  deposits ;  and 

^t  they  also  contain  an  admixture  of  European  palsearctic  forms,  which  have 

P^bably  reached  Japan  through  northern  America.     In  place  of  the  fauna  of 

^  Japanese  beds  being  distinct  from  that  of  the  mammaliferous  beds  of  India 

^^  affording  any  argument  for  the  latter  being  pliocene  andb  miocene  in  place 

^^  pleistocene  and  pliocene,  all  the  evidence  points  very  strongly  to  the  equiva- 

ienoy  of  the  two,  and  to  the  confirmation  of  the  latter  view  of  their  age. 

^Hie  Lodgcy  Harpenden^  Herts, 


^^^  on  the  Occurrence  of  Mastodon  angustidens  in  India.  By  B.  Ltdekkeb,  B.A. 

Several  specimens  of  the  "  intermediate  molars "  of  a  trilophodont  jmastodon 

collected  by  Mr.  W.  T.  Blanford  in  the  lower  Manchhars   (Siwaliks)  of  the 

^^^^  Bhugti  country   (Eastern   Baluchistan),   are  absolutely  indistinguishable 

^tm  the  corresponding  teeth  in  the  British  Museum  of  Mastodon  angustidens, 

C^vier,  of  the  upper  miocene  of  Europe. 

The  occurrence  of  a  European  species  of  mastodon  on  the  extreme  western 

^  I  am  indebted  to  Herr  Braans  for  pointing  oat  that  in  "  Siwalik  and  Narbada  Proboscidia'' 
^  ^te  ioadfertently  given  the  age  of  JBlephaa  antiquus  aa  pliocene  instead  of  pleistocene. 
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limits  of  India  is  a  fact  of  great  importance,  indicating  that  wa  may  look  for 
a  commingling  of  the  faunas  of  the  Siwaliks,  and  of  the  European  njqwt* 
miocene  and  lower  pliocene  in  Penda  and  Asia  Minor. 

These  important  and  interesting  specimens  will  be  figured  in  the  ''  Pakranto- 
logia  Indica  "  at  no  very  distant  date. 


Noies  on  a  Traverse  between  Almora  and  Mnssooree  made  in  October  1SS2  by  B.  D. 

Oldham,  A.B.S.M.,  Oeologtcal  Survey  of  India. 

The  following  notes  were  made  on  a  rapid  tonr  between  Almora  and  Mns- 
sooree during  the  month  of  October  last ;  they  cannot  of  course  pretend  to  be  a 
detailed  description,  but  are  of  some  interest  in  view  of  the  question  of  tiie 
continuity  of  the  ELimalayan  rocks  in  the  Almora  and  Simla  regions. 

At  Almora  the  rocks  are  gneiss  and  schists  of  various  descriptions,  lying  nearly 
horizontal  on  the  east  of  the  Kosi,  but  on  the  ascent  to  Bainskhet  the  dip  in- 
creases to  45°,  the  direction  being  N.  10°  £.,  a  dip  which  continues  stea^  is 
direction,  though  varying  in  amount,  tin  the  Qagas  is  reached.  Here  the  road 
runs  over  alluyium  for  a  couple  of  miles,  but  rock  again  shows  up  on  the  hill  called 
Buridunga ;  it  is  a  porphyritic  gneiss,  similar  in  structure  to  the  central  gneiss. 
As  the  road  runs  near  the  northern  boundary  of  this  exposure  cutting  across  it 
in  several  places,  it  is  seen  to  be  fairly  straight  and  presumably  a  fault,  the  schists 
in  contact  with  the  gneiss  dipping  south-south-east ;  at  Dwarahat,  where  the  road 
cuts  across  the  exposure  here  not  a  mile  broad,  the  dip  of  the  foliation  of  the 
gneiss  has  bent  round  to  south-west  and,  though  I  was  not  able  to  trace  the  gneisB 
further  to  the  north-west,  I  have  no  doubt  that  it  does  extend  along  the  ridge 
since  in  the  streams  flowing  down  to  the  Khurrogadh  blocks  of  it  are  not  of 
infrequent  occurrence. 

Along  the  road  between  Dwarahat  and  (janain  the  only  exposure  of  slates 
seen  was  below  Nangaon  on  the  south-west  side  of  the  valley  where  they  dipped 
W.  30°  S.,  while  near  Oanain  the  dip  was  south-west. 

On  the  eastern  side  of  this  valley,  the  ridge  is  capped  by  limestone  (kzol), 
which,  apparently  forming  the  peak  of  Dunagiri,  descends  further  north,  at 
the  village  of  Damtola,  almost  to  the  bottom  of  the  valley,  and  is  seen  to  extend 
northwards  from  Oanain  as  far  as  the  eye  can  reach,  being  confined  to  the  eastern 
side  of  the  valley  with  the  exception  of  two  patches  capping  the  spars  above 
Bushbira  and  Naugaon  respectively.  As  is  generally  the  case,  no  dip  was  ac- 
curately determinable  in  the  limestones,  but  they  evidently  dip  somewhere  about 
north-west. 

Beyond  Gk^nain,  where  the  road  leaves  the  alluvium,  slates  come  in  with  a  dip 
to  W.  10°  N.  and  on  the  ascent  become  more  and  more  schistose  ;  the  dip  at 
the  same  time  becoming  flatter,  till  near  Jaurasi  the  porphyritic  gneiss  again 
comes  in  with  almost  horizontal  foliation;  this  is  not  improbably  a  continu- 
ation of  the  Dwarahat  exposure. 

The  g^iss  continues  to  near  Bongdhar,  the  only  interruption  being  below 
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the  Makzoli  bill,  where  a  nairow  strip  of  black  crash  rock  is  let  down  by  faulting. 
Near  Bongdhar  the  slates  come  in  again,  at  first  with  a  N:  50°  E  dip  at  45°,  but 
this  mxm  bends  round  to  the  normal  N.  10°  E.  dip,  the  schistose  slates  con- 
tinuing beyond  this  witb  a  dip  varying  between  N.  10°  E.  and  N.  30°  E. ;  at 
the  bridge  over  the  Nyar  a  thin  band  of  porpbyritio  gneiss,  probably  here  merely 
a  mora  metamorphosed  band  among  the  schists,  is  exposed  ;  opposite  G-walkura 
quartsites  overlie  the  slates  and  continue  to  the  bridge  between  Chif  alghat  and 
Pauri.  On  the  crest  of  the  ridge  crossed  on  the  road  to  Pauri  quartzose 
rocks  come  in  again,  while  beyond  this  the  slates  are  much  disturbed,  but  keep 
a  ^rebby  steady  E.  10°  K  and  W.  11°  S.  strike. 

Beycmd  Srinagar  thrae  is  not  much  of  interest  to  note ;  the  quartzites  sbow 
up  on  the  ridge  below  Maniknath  which  is  itself  capped  by  limestone,  but  for 
ihe  moet  part  the  rocks  are  of  a  recognisable  infra-krol  type. 

Beyond  Tiri,  where  the  road  runs  along  the  Mussooree  ridge  infra-krols,  quart- 
Btes,  limestone  (krol)  and  in  one  place  the  Blaini  are  seen,  but  the  structure,  as  is 
the  case  everywhere  on  the  outer  ridge,  is  far  too  complicated  to  be  unravelled 
by  a  simple  traverse  along  the  strike  of  ^the  rocks. 

I  have  reserved  for  separate  notice  the  alluvial  deposits,  of  which  I  shall 
now  mention  the  more  important. 

Between  Bamskhet  and  Dwarahat  neair  the  village  of  Kapalna  the  road  runa 
along  the  surface  of  an  old  lake  deposit,  of  which  a  narrow  strip  has  been  left 
onepoded,  the  streams  on  either  side  having  cut  deep  into  the  deposits ;  in  both 
the  other  valleys  crossed  before  reaching  the  Gagas  traces  of  extensive  deposits 
are  seen  but  forming  a  mere  skin  on  the  rocks  below,  having  been  almost  entirely 
nfnoved  by  the  streams.  At  Kapalna  the  gradual  raising  of  the  deposits  has 
^iven  the  drainage  an  easier  escape  over  a  saddle  in  the  watershed  into  the 
next  valley  to  the  west ;  hence  the  lower  part  of  the  deposit  has  been  exposed 
to  the  erosion  of  its  own  drainage  only,  while  in  the  other  valleys  the  streams 
lowing  down  from  the  hills  to  the  north  have  almost  entirely  washed  away 
Ihe  alluvium. 

In  the  Gagas  valley  there  is  another  alluvial  deposit,  which,  having  come 
mostly  from  the  hills  to  the  west,  has  by  its  slope  forced  the  river  to  the  eastern 
margin  of  the  plain,  where  it  has  now  cut  for  itself  a  new  channel  in  the  solid 
rook  of  about  60  feet  in  depth. 

This  deposit  extends  up  the  Pokhy  valley,  and  some  of  the  drainage  of  its 
irostem  extremity  flows  into  the  Ghundas.  Here  again  there  has  evidently 
been  a  diversion  of  the  drainage,  due  to  the  gradual  raising  of  the  surfiaoe  of 
AiB  alktviuiB  to  the  level  of  one  of  the  saddles  in  the  original  watershed. 

Near  Dwarahat  there  is  another  broad  expanse  of  lacustrine  deposits  situat- 
d  ai  the  head  of  the  Baiaru  river.  These  deposits  which,  be  they  lacustrine 
ir  oo^  are  at  any  rate  formed  in  true  rock  basins  situated  at  the  veiy  heads  of 
ihediaiiiage  aneas,  and  rising  almost  to  the  level  of  the  watershed  have  never,  so 
Ear  as  I  am  aware,  been  adequately  explained.  They  are  by  no  means  of 
VMBnty  occasional  oocunenoe,  but  are  scattered  throughout  these  hills ;  one  very 
good  example  being  at  the  head  of  thp  Blaini  river  near  Solan  on  the  Simla  road. 
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The  three  rivers  which  meet  at  Ganain  have  all  broad  allnvial  botUmiB,  part 
being  close  down  to  the  present  level  of  the  streams,  the  rest  forming  a  terrace 
raised  some  30  to  60  feet,  bnt  the  low  level  ground  seems  to  be  merely  dne  to  the 
erosion  of  the  stream,  and  not  to  a  more  recent  deposition. 

Near  G«nain  is  a  veiy  interesting  lake  known  as  the  Tnrag  Tal ;  it  is  sitaated 
at  the  head  of  one  of  the  streams  flowing  down  to  Ghmain.  In  the  valley  of 
this  stream  an  allavial  flat  extends  right  up  to  the  foot  of  the  barrier,  which  is 
most  clearly  a  landslip,  for  not  only  is  the  gap  in  the  hill  from  which  it  has 
descended  most  evident,  bnt  the  only  other  possible  explanation,  vis,^  a  moraine, 
is  at  once  barred  by  the  absence  of  any  other  rock  but  limestone  in  the  barrier 
which  is  composed  entirely  of  fragments  and  not  of  rock  in  sOu,  Above  the 
barrier  is  a  broad  allnvial  surface,  the  lower  end  of  which  is  covered  by  water 
probably  not  of  any  very  great  depth.  The  level  of  this  alluvium  is  about  200 
feet  above  that  in  the  valley  below  the  barrier  which  itself  rises  50  feet  above 
the  upper  alluvium ;  the  total  depth  of  the  landslip  is  therefore  250  feet,  and 
the  time  that  has  elapsed  since  its  fall  has  been  that  required  for  the  formation 
of  alluvium  200  feet  in  thickness. 

Near  the  head  of  the  Binan  river  there  is  a  small  deposit  of  allaviam  as 
also  at  Chopryon  and  Elandura  near  Powri. 

At  Srinuggar  and  Tiri  there  are  extensive  terraces  covered  with  a  thin  coat- 
ing of  river  gravel,  but  in  the  main  merely  carved  out  of  the  solid  rock. 

The  above-mentioned  alluvial  deposits  are  all  in  true  rock  basins,  bnt  only 
the  three  first  mentioned,  vie»,  those  near  Kapalna,  in  the  Ghigas,  and  at  Dwarahat^ 
seem,  from  their  uniformity  and  fineness  of  texture,  to  be  of  lacustrine  origin. 

Though  there  was  never  much  doubt  as  to  the  propriety  of  correlating  the 
rocks  on  the  Almora  section  with  those  of  the  Simla  region,  such  shadow  of  it  as 
there  was  may  be  held  to  be  now  dispelled,  for  in  the  region  crossed  between 
Almora  and  Mussooree  the  rocks  are  seen  to  become  gradually  less  metamorphic, 
and  the  distinctions  of  the  sub-divisions  but  obscurely  seen  near  Almora  become 
more  and  more  marked  till  the  rocks  assume  the  normal  character  which  they 
are  found  to  maintain  from  Mussooree  to  the  north-west. 


Note  on  the  Cretaceous  coal-measures  at  Borsora  in  the  Elhasia  Hills,  near  Laour 
in  Sylhet,  by  Tom  D.  La  Touchb,  B.A.,  Geological  Survey  of  India. 

I  have  visited  and  examined  a  section  of  the  coal-bearing  rocks  situated  at 
the  foot  of  the  Khasia  Hills  to  the  north  of  the  district  of  Laour. 

The  section  examined  occurs  in  a  ravine,  at  the  mouth  of  which  stands  the 
.      ^  ^       .         Garo  village  <rf  Borsora,  about  5  miles  west  ol  the  point 

where  the  Panatibh  or  Jadukhata  river  leaves  the  hills. 
At  the  edge  of  the  plains  on  either  side  of  this  village  nummulitio  limestone  is 

•  From  tbii  a  larjre  ^^T^^^^  ^ipp^ig  to  south-south-east  or  towards  the  plains 
fimoont  of  ttooe  has  been  at  an  angle  of  38°.*  On  proceeding  up  the  ravine  along  a 
quarn^  by  Menn.  Ing.     path  on  the  west  side  of  the  stream  no  sections  of  rodt  in 

Bttu  are  seen,  but  the  path  is  covered  with  Uodcs  of 
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ft  coarseish  yellow  and  brown  sandstone.  The  path  rises  for  about  half  a  mile 
until  the  mouth  of  a  small  steep  ravine  on  the  west  is  reached,  in  the  sides  of 
wliich  the  coal  seams  are  exposed. 

At  the  junctioa  of  the  two  ravines  carbonaceous  shale  is  seen  in  the  bed  of 

the  stream  dipping  to  south-south-east  at  an  angle  of  12°. 
^JDeKriptionoftbeeeo.      xjpon  this  rests  a  seam  of  good  coal  3  feet   10  inches 

thick  extending  for  about  20  yards  along  the  side  of  the 
ravine.  This  is  overlaid  by  5  feet  of  shaly  sandstone,  upon  which  rests  a  second 
Beam  of  coal  3  feet  4  inches  thick.  This  seam  has  been  disturbed  by  several 
smftll  &ults  or  slips,  and  parts  of  it  have  been  denuded  to  some  extent  before  the 
deposition  of  the  overlying  sandstone,  so  that  its  thickness  is  not  so  constant  as 
that  of  the  lower  seam.  Proceeding  up  the  ravine  about  60  feet  of  fine  yellow 
aandstones  are  passed  over,  and  a  third  seam  of  coal  is  met  with,  cropping  out 
on  both  sides  of  the  ravine.  The  thickness  of  this  seam  could  not  be  determined 
exactly,  as  a  small  landslip  has  occurred  in  the  rocks  above,  and  has  partly 
oovered  it,  but  it  is  at  least  4  feet  thick,  though  not  quite  free  from  shaly 
partings.  Above  this  the  ground  is  covered  for  50  or  60  feet  with  the  debris 
from  the  slip  above  mentioned,  consisting  of  fine  yellow  sandstones  and  shales 
with  many  fragments  of  coal,  and  above  this  again,  at  the  top  of  the  section,  is  a 
foorUi  seam,  of  shaly  coal,  2  feet  thick.  In  the  whole  section  therefore  of  about 
150  feet  there  are  about  12  feet  of  good  coal,  distributed  in  three  seams  as  shown 
Mow,  in  descending  order : — 


Shaly  cool aboat 

Une  yellow  landstone  and  sbale       .         .         .         .  „ 

Coal  seam.  No.  8 „ 

•  Fine  yellow  landstone „ 

Coal  team.  No.  2 „ 

Shaly  sandstone  „ 

Coal  seam.  No.  1 „ 

Carbonaceous  shale,  thickness  unknown. 

Total     •       „   188       2 

The  coal  of  seams  Nos.  1  and  3  is  much  disintegrated  by  exposure,  so  that  it  is 

difficult  to  set  crood  specimens  for  analysis,  but  it  appears 

QoaKtgr  of  the  coaL  .     ,  j         i        -^i,      i.  •  i./ ^  ^  /v/u 

'  to  be  a  very  good  coal,  with  a  bright  fracture  and  black 

colour,  containing  numerous  specks  and  nests  of  a  kind  of  fossil  resin.  This  re- 
sinous substance,  which  is  characteristic  of  the  coals  of  this  region  occurring  in 
cretaceous  rocks,  together  with  the  position  of  the  seams  below  the  nummulitic 
limestone^  shows  that  the  coal  is  of  the  same  age  as  that  of  the  Oaro  hills  and 
file  small  basin  at  Maobelarkar,  and  is  therefore  distinct  from  the  coal  of  Gheira 
Poonjee^  which  occurs  above  the  limestones.  The  coal  of  seam  No.  2  is  more 
Qompact  and  browner  in  colour,  and  is  traversed  in  all  directions  by  small  joints. 
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It  also  oontains  specks  of  ihe  fossil  resin.     Samples  araajed  in  tiie  Survey  laboia* 
tory  by  Sub- Assistant  Hira  Lai  gave  the  following  satisfactory  results : — 

Ho.  1.  No.  2. 

MoUtaro 6*84  8*08 

Other  volatile  matter 35' 16  89*58 

Fixed  carbon 50*40  60*80 

Ash               860  6*60 

100  00  10000 

No.  1  does  not  eake ;  aah  pale  red. 
No.  2  cakes ;  aah  red. 

The  section  examined  is  very  similar  in  some  respects  to  one  described  by 

Captain  H.  H.  God  win- Austen  (Jour.  As.  Soo.  Bengal, 
^^Probable  extent  of  the    y^^  XXXVIII,  Pt.  II,  No.  1,   1869)  as  occuiring  on  a 

small  tributary  of  the  IJmblay  near  the  village  of  Nong- 
kerasiy  about  10  miles  to  the  norfch-west  of  Borsora ;  but  to  determine  whether 
the  ooal-measures  are  continuous  between  these  points  would  require  a  more  de- 
tailed examination  of  the  district  than  I  was  able  to  make.  The  only  means  of 
getting  sections  in  such  a  country  is  to  follow  up  the  hill  streams  in  which  frag- 
ments of  coal  are  found  to  the  outcrop  of  the  seam,  and  at  this  season  (June) 
these  streams  are  liable  to  sudden  floods  and  become  quite  impassable.  If  it 
should  be  found  that  the  coal  does^extend  between  these  points,  its  amount  must 
be  very  large. 

The  outcrop  near  Borsora  is  very  favourably  situated  for  being  worked.  It  is 
PoBition  of  the  Beams  ^^*  niore  than  half  a  mile  within  the  hills  and  at  a  low  eleva- 
aa  regards  extraction  of  tion  above  the  plain.  The  coal  rises  from  the  outcrops  so 
the  coaL  ^r^^^  mines  or  quarries  could  be  easily  drained.     The  foot 

of  the  hills  is  only  1  mile  from  the  Patlai  river,  a  branch  of  the  Jadukhata,  and 
during  the  rains  boats  can  come  up  to  within  a  few  hundred  yards  of  the  hills. 

Even  now  great  numbers  go  close  to  the  spot  during  the  rains  to  carry  away 
limestone  from  the  numerous  quarries  between  Borsora  and  Lakma. 
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gonometrical, the  Topographical  and  the  Revenue  Surveys  under  the 
Government  of  India  during  1881-82,  (1883),  flsc.,  Calcutta. 

Subybyob  Gbneeal  of  India. 

«•       Lilt  of  Civil  Officers  holding  Gazetted  Appointments  under  the  Government  of 

India  in  the  Home,  Legislative,  and  Foreign  J^partments,  as  it  stood 
on  the  1st  January  1883,  (1883),  8vo,  Calcutta. 

HoMB  Dbpabimbnt. 

„       Note  on  Census  Operations  in  Central  India,  and  Statements  showing  the  popula- 
tion, &c.  (1882),  flsc.,  Bombay. 

Rbybnub  and  AaBicuLTUBAL  Bbpabtmbnt. 

N       Report  on  the  Political  Administration  cf  the  Territories  within  the  Central  India 

Agency  for  1881-82,  No.  188  (1883),  8vo,  Calcutta. 

FoBBioN  Officb. 

,1       Selections  from  the  Records  of  the  Crovemment  of  India,  Foreign  Department, 

No.  192.    Report  of  the  Political  Administration  of  the  Rajputana 

SUtes  for  1881-82,  (1882),  8vo,  Calcutta. 

FoBEioN  Officb. 
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Titles  of  Books,  Donm. 

India.— Statistioal  Tables  for  Britbh  India,  7Ui  Issue  (1883),  4to,  Calcutta. 

GOYBBKICIKT  PSINTIKO  OfFICI. 

Madbab. — BsAKDis,  D. — Suggestions  regarding  Forest  Administration  in  the  Madras  Fn- 

sidency  (1883),  flsc.,  Madras. 

HoxB  Dbpabtmbitt. 

N.-W.  Pbovincis.— Census  of  North-Westem  Provinoes  and  Ondh  in  1881 :  Sex  Stalastici, 

(1882),  flsc.,  Allahabad. 

BbYBNUB  and  AgBIOULTUBAL  DsPABTKBirT. 


TRANSACTIONS,  PROCEEDINQS,  &c.,  OF  SOCIETIES,  SURVEYS,  Stc 

Batatia. — Catalogus  der  Numismatische  Afdeeling  van  het  Museum  van  het  fiat.  Qenoots. 

van  Kunsten  en  Wetenschappen,  Tweede  Druk.  (1877),  8to,  Batayia. 

The  Socixtt. 

„         Natuurkundig  Tijdschrifb  70or  Nederlandsoh  Indie.  Deel  XLII,  (1883),  8to, 

Batavia. 

ThB  SOCIITT. 

„         Notulen  van  de  Algemeene  en  Bestuurs-vergaderingen  van  het  Batayiaaadb 

Genootschap  van  Kunsten  en  Wetenschappen.    Deel  XX,  Nos.  14 

(1882),  8vo,  Batavia. 

Thx  Socixtt. 

Tijdschrifb  voor  indische  Taal— Land— en  Yolkenkunde.    Deel  XXYII,  No.  6, 

and  XXYin,  Nos.  1-4  (1882-83),  8yo,  Batavia. 

Thb  Sochtt. 

Yerhandelingen  van  het  Bataviaasch  Genootschap  van  Kunsten  en  Wetens- 
chappen.   Deel  XLII,  Stuk  2  (1881),  8vo,  Batavia. 

Thb  Sochtt. 

BxLFAST. — Proceedings  of  the  Belfast  Natural  History  and  Philosophical  Society  for  Session 

1881-82,  (1882),  8vo,  Belfast 

Thx  Socixtt. 

Bbblin. — Sitzungsberichte  der  Konig.  Preuss.  AkademiederWissenschaflen,  Nos.  XXXIX- 

LIY  (1882),  8vo,  Berlin. 

Thx  Acadxht. 

„         Zeitschrift  der  Dentschen  Geologischen  Gesellschaft.    Band  XXXIY,  heft.  4 

(1882),  8vo,  Berlin. 

Thx  Socixtt. 

Bbussxls.-^ Annates  de  la  Soci^t^  Malacologiquo  de  Belgique.  2""  S^rie.    Tome  I-IY,  3** 

S^rie,  Tome  I  (1876-81),  8vo,  Bruxelles. 

Thx  Socixtt. 

Annales  du  Mus^  Royal  d'  Histoire  Naturelle  de  Belgique. 

Tome  III,  pt.  1.  Text  and  atlas,    1878  and  1881. 
„     YII    „    3.  Do.  1882. 

X    „    1.  Do.  1882,  4to,  and  fol,  Bruxelles. 

Thx  Musxum* 

Bulletin  dela  Soci^t^  Royale  Beige  de  Geographic.  Ann^e  YI,  No.  6;  Anntfe. 
YII,  No.  1  (1882-83),  8vo,  BruxeUes. 

Thb  Socibtt. 
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Titles  ofBooht,  Donors, 

Calcutti.— Calcatta  University  Calendar,  1882-83,  (1882),  870,  Calcutta. 

H.  B.  Mbdlicott,  Esq. 

„  Journal  of   the  Agricultural  and  Horticultural  Society  of  India,  New  Series, 

Vol.  VII,  pt  1  (1883),  Bvo,  Calcutta. 

The  Socibtt. 

„  Journal  of  the  Asiatic  Society  of  Bengal,  New  Seriesp  Vol.  LII,  pt  1,  No.  1 

(1883),  8yo,  Calcutta. 

Thx  Socibtt. 

M  Proceedings  of  the  Asiatic  Society  of  Bengal,  Nos.  U-III  (1883),  8vo,  Calcutta. 

Thb  Socibtt. 

M  Records  of  the  Geological  Survey  of  India,  Vol.  XVI,  pt.  2  (1883),  8vo,  Calcutta. 

Obolooich.  Subtbt  of  India. 

Cambbidos,  Mass. — ^Bulletin  of  the  Museum  of  Comparative  Zoology,    Vol.  X,  Nos.  2-4. 

(1882),  8vo,  Cambridge. 

Thb  Musbum  of  Comfabatitb  2iooloot. 

CoFBNHAOBN. — Oversigt  over  det  Eong.  danske  Videnskabemes  Selskabs,  1882,  No.   3,  and 

1883,  No.  1  (1882-83),  8vo,  Copenhagen. 

Thb  Aoadbmt. 

Edibbuboh.— Transactions  of  the  Royal  Scottish  Society  of  Arts,  Vol.  X,pt.  5  (1883),  Sfo, 

Edinburgh. 

Thb  Socibtt. 

Feahkfubt-aic-Maikb. — Abhandlungen  der  Senckenbergischen  Natnrforschenden  Gesells- 

chaft.    Band  Xm,  heft.  1,  (1883),  4to,  Frankfurt-am-Maine. 

HiLLB.— Leopoldina.  Heft.  XVII    (1881),  4to.,  Halle. 

Thb  Acadbmt. 

I,         Nova   Acta    Academis     Casarrete    LeopoIdino^aroliusB     Germanics     Naturae 

Curiosorum,  Vols.  XLH— XLHI  (1881-82),  4to,  HaUe. 

Thb  Acadbmt. 

K0H108BBRO. — Schriften  der  Fhysikalisch-Okonomischen   Gesellscbaft,  Jahrg.  XXI,  Abth. 

2,  and  XXU,  Abth.  1—2  (1881-82),  4to,  Konigsberg. 

Thb  Socibtt. 

UusiHNB.— Bulletin  de  la  Society  Vaudoise  des  Sciences  Naturelles,  2°'  S^rie,  Vol.  XVIII, 

No.  88  (1882),  8vo,  Lausanne. 

Thb  Socibtt. 

^i^s.— Adresse  auz  Chambres  Legislatives  au  sujet  de  la  carte  G^ologique  de  la  Belgique 
(1883),  8vo  ph.,  Li6ge. 

Gbological  Socibtt,  Bblgium. 

I^VBiPooL.— Proceedines  of  the  Liverpool  Geological  Society,  Vol.  IV,  part  4  (1883),  8vo, 
Liverpool. 

Thb  Socibtt. 

^»D0K.— Journal  of  the  Anthropological  Institute  of  Great  Britain  and  Ireland,  Vol.  XII, 
No.  3  (1883),  8vo,  London. 
n        Journal  of  the  Iron  and  Steel  Institute,  No.  II  (1882),  8vo,  London. 

Thb  Institute. 

M        Journal  of  the  Royal  Asiatic  Society  of  Great  Britain  and  Ireland,  New  Series, 

Vol.  XV,  parts  1—2  (1883),  8vo,  London. 

Thb  Socibtt. 
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TithB  of  Books,  Damon, 

London.— Journal  of  the  Society  of  Arte,  Vol.   XXXI,  Nob.  1581—1598  (1883),  8to, 

London. 

Thb  Socibtt. 

Proceedings  of  the  Royal  Oeographical  Society,  New  Series,  Vol.  Y,  Nos.  2—5. 
(1883),  8 vo,  London. 

Thb  Socibtt. 

Proceedings  of  the  Royal  Society  of  London,  Vol.  XXXIV,  Noe.  222—223  (1883), 
8vo,  London. 

The  Socibtt. 

Quarterly  Journal  of  the  Qeologioal  Society  of  London,  Vol.  XXXIX,  Noe.  163— 
154  (1883),  8vo,  London. 

Thb  Socibtt. 

Madbid.— Boletin  de  la  Sociedad  Geografica  de  Madrid.  Tomo  XIV,  Noe.  1—4  (1883),  8vo, 

Madrid. 

Thb  Socibtt. 

Mamchbstbb. — ^Transactions  of  the  Manchester  Geological  Society,  Vol.  XVII,  pts.  5—7 

(1883),  8to,  Manchester. 

Thb  Socibtt* 

MBLBomiVB.— Report  of  the  Chief  Inspector  of  Mines  to  the  Honourable  the  Minister  of 

Mines  for  1882,  (1883),  flsc,  Melhourne. 

Mining  Dbfabtmbkt,  Viotobu. 

„  Reports  of  the  Mining  Surveyors  and   Registrars  for  quarter  ending  31at 

December  1882,  (1883),  flsc,  Melbourne. 

Mining  Dbpabtmbnt,  Victobia. 

Moscow. — Bulletin  de  la  Soci^t^  Imp^riale  des  Naturalistes.  Tome  LVIII,  No.  2,  livr.  1—2 

(1882),  8yo,  Moscow. 

Thb  Socibtt. 

MdNCHBN.— Baueb.  Gustav.— Gedachtnissrede  auf  Otto  Hesse  (1882),  4to.  ph.  Miinchen. 

Thb  Acadbmt. 

Meteorologische  und  Magnetische  Beobachtungen  der  k.Sternwarte  bei  Miincheo» 
Jahrg.  1881,  (1882),  8yo,  Miinchen. 

Thb  Acadbmt. 

Sitzungsberichte  der  Mathematisch-Physikalischen  Olasse  der  k.  b.  Akademie  der 
Wissentchaften,  1881,  heft.  IV;  1882,  heft.  1—4  (1881-82),  8to, 
Mtlnchen. 

Thb  Acadbmt. 

Nsw  Zbalahd. — Seventeenth  Annual  Report  on  the  Colonial  Museum  and  Laboratory,  New 

Zealand  (1882),  8vo,  New  Zealand. 

Thb  Musbum. 

Pabis.— Bulletin  de  la  Soci^t^  Gdologique  de  Prance,  3"'  S^rie,  Vol  XI,  Nos.  1—3  (1883), 

8vo,  Paris. 

The  Socibtt. 

„        M^moires  de  la  Soci^M  G^ologique  de  France,  3"^  S^rie.  Tome  II,  Nos.  3  A  4 

(1882),  4to,  Paris. 

Thb  Socibtt* 

PniLADBLPHiA.-^oamal  of  the  Franklin  Institute,  3rd  SerioB,  Vol.  LXXXV,  Nos.  3—5 

(1883),  8vo,  PhUadelphia. 

Thb  Ikstitutb 
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TitU9  of  Books.  Donors. 

Pi8A.~Atti  deDa  SoeieU  TofcaM  di  Scienze  NataraH,  Memorie,  Vol.  V,  faic.  2  (ISSa),  8vo> 

Pisa. 

The  Society. 

Plymouth.— Tatlob.    Williaic  AMBS08B.^CAta1ogn&  of  the  Library  of  the  Royal  Geo* 

logical  Society  of  Cornwall  (1882),  Svo,  Phy mouth. 

The  Society. 

Rome.— Aiti  della  B.  Accademia  del  Lincei,  S^rie  Terza,  Memorie,  Vols.  IX-X  (1881),  4to, 

Boma.. 

The  Academy. 

„        Atti  della  R.  Accademia  dei  Lincei,  S^rie  Terza,  Transnnti,  Vol.  VII,  fasc.  4 — 10, 

(J883)^  4to,  Roma. 

The  Academy. 

^        BoUetUno  del  B.  Comitato  Geologico  dltalia,  Vol.  XIII  (1882),  8vo,  Boma. 

The  Commission. 

SiLEM  Mass. — ^Abbott,  C&ables  C. — PrimitiYe  Industry  (1881),  8^0,  Salem  Mass. 

Pbabody  Academy  of  Science. 

^  „        Proceedings  of  the  American  Association  for  the  Advancement  of  Science, 

dOth  Meeting  (1882),  8vo,  Salem. 

The  Association. 

SniGAPOBB.^-Joaroal  of  the  Straits  Branch  of  the  Boyal  Asiatic  Society,  No.  10  (1888). 

8vo,  Singapore. 

The  Society. 

Stockholm. — Svenonius.  Fsedb.  V. — Bidrag  till  norrbottens  Geologi  (1880),  8to,  ph. 

Stockholm. 

Geol.  Subvey  of  Sweden. 

„  Svenges  Geologiska  Undersokning.  Ser.  A. a.  Kartblad  med  beskrifningar, 

Nos.  70,  80—83,  85—86.    Ser.  B.b.,  Nos  1—2.  Ser.  C,  Nos.  46-52 
(1880—82),  8vo  and  4to,  Stockholm  and  Lund. 

Geol.  Subvey  of  Sweden. 

St.  Pbtbbsbubo. — Bulletin  de  TAcad^mie  Imp^riale  des  Sciences.    Tome  XXVIII,  No.  2 

(1882),  4to,  St  P^tersbourg. 

The  Academy. 
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„  M^moires  de  TAcad^mie  Imperial  e  des  Sciences  de  St.  P^tersbourg,  7 

S^rie,  Vol.  XXX,  Nos.  9—11  (1882),  4to,  St.  P^tersbourg. 

The  Academy. 

„  Schriften    der    Bussisch-Kaiserlichen    Gesellschafl   fiir    die  Gesammte 

Mineralogie,  Band  I,  abth.  1—2  (1842),  8vo,  St.  P^tersbourg. 

^  Verhandlungen  der  Kaiserlichen  Gesellschafb  fiir  die  Gesammte  Minera- 

logie zu   St.  P^tersbourg.    Jahrgang  1862—1863,   (1862-63),  8vo, 
St.  P^tersbourg. 

„  Verhandlungen  der  Bussisch-Kaiserlichen  Mineralogischen  Geselbchaft 

zu  St.  P^tersbourg,  Vols.  I— VII  (1842—51),  8vo.,  St.  P^tersbourg. 

Toaixc— Atti  della  B.  Accademia  delle  Scienze  di  Torino,  Vol.  XVIII,  disp.  1—4  (1882— 

1883),  8to,  Torino. 

The  Academy^ 
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Titles  qf  Booki. 

ToBONTO.— Proceedings  of  the  Canadian  InBtitute,  Toronto,  YoL  I,  fasc.  3,  (188 

Toronto. 

Thk  Ihs 

yiXNNA.— Jahrbnch  der  Eais.  Eonig.  Geologischen  Reiebsanstalt,  Band  XXII,  No. 

XXXIII,  No.  1  (1882—83),  8vo,  Wien. 

Thb  iNf 
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Yerhandlangen  der  E.K.  Geologischen  Beichsanstalt,  No.  18  (1882),  No$ 
(1883),  8vo,  Wien. 

Thb Ik8 

Register  zn  den  baenden  81  bis  85  der  Sitznngsberichte  der  Kais.  A 
Wissenschaften,  (1882),  8^0,  Wien. 

Thb  Ac 

Sitzangsberichte  der  Eais.  Akad.  der  Wissenschaften.  Band  LXXXY,  I 
heft.  1—6;  Abth.  II,  heft  3-5,  and  Abth.  UI,  heft  1—5. 
LXXXYI,  Abth.  II,  heft  1.,  and  Abth  III,  hea.  1-2  (188 
Wien. 

Thb  Ac 

YoKOHAiCA. — Mittheilangen  der  Dentschen  Gesellschaft  fiir  Natnr  nnd  Yolkerknn< 

siens.    Band  III,  heft.  28  (1883),  4to,  Yokohama. 
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PakBontological  Notes  from  the  Dalton^nj  and  Hutar  coalfields  in  Chota  Nagpur, 
by  Ottokae  Fiistmaktel,  M.D.,  PakeorUologisty  Chological  Survey  of  India, 

The  above  two  coalfields  were  surveyed  by  Messrs.  Hughes  *  and  Y.  Ball  * 
respecfcively,  but  no  fossils  were  known  from  either  of  them.  It  was,  however, 
of  interest  to  ascertain  whether  fossils  occnrred  there  and  of  what  character  they 
Vflie,  as  it  was  quite  to  be  expected  that  some  portion  of  the  coal  beds  in  one  or 
the  other  might  be  of  the  age  of  the  E^arharb^ri  beds.  I  was  consequently  last 
^ter  deputed  to  visit  these  coal-fields  and  to  examine  them  for  fossils.  The 
'^ts  were  satisfactory  enough,  as  not  only  were  fossils  met  with  in'  good 
iiiuabers,  but  they  were  also  sufficiently  clear  to  allow  of  some  of  the  horizons 
Iwing  fixed  with  much  pi*obability. 

Tlie  DaUonganj  coalfield. 

Tliis  coalfield  is  situated  about  50  miles  west  of  Hazarib^gh,  and  is  traversed 
■7  the  Koel  and  Amanat  rivers.  The  rocks  represented  in  the  coal-field  are  the 
Talchirs  and  the  coal-measures.  These  were  hitherto  assigned  to  the  Bardkar 
S^oup  of  the  Damuda  subdivision  of  the  Gondwana  system.  The  examination 
ot  the  fossils,  however,  showed  that  these  coal  beds  of  the  Daltonganj  field  most 
P'obably  are  of  the  age  of  the  Karharb^  beds. 

The  various  outcrops  in  this  field  are  described  in^  Mr.  Hughes'  report ; 
1  visited  most  of  them  with  the  view  of  examining  them  for  fossils. 

Outcrops  at  Singra, 

At  the  junction  of  the  Koel  and  Amdnat  rivers,  about  5  miles  north  of  Dal- 
"**gBiBJ,  near  Singra,  where  mining  is  carried  on  to  some  extent,  there  is  a  good 
^^P<)8are  of  the  coal-bearing  rocks,  consisting  of  sandstones  and  sandy  shales, 
^ith  three  outcrops  of  coal  seams. 

The  base  of  the  section  close  to  the  river  surface  consists  of  a  series  of 
^dy  micaoeous  grey  shales,  which  are  on  the  whole  unfossiliferous ;  but  very 

»  Mem.  G.  S.  I.,  Vol  VIII,  PL  2. 
«  Ibid,  Vol  XV,  PL  1. 
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nearly  at  the  base  there  is  a  stratum  in  which  some  leaf  impressions  occur;  iiliey 
are  not  very  distinct,  though  the  following  can  be  recognised : — 

Gcmgamopteris  eyelopteroides  var.  attetutaia. 
QlotsopterU  communU^  Feistm ;  lorg^  leaves. 
n  indiea,  Schimp. 

The  stratum  immediately  above  this  bed  contains  root-like  impressions  tra- 
yersing  the  rock  in  various  directions  ;  in  some  cases  they  appeared  to  me  to  be  of 
Vertehraria.  Above  this  bed  is  the  coal  outcrop,  representing  the  first  seam  of 
the  series. 

Above  this  follows  a  series  of  sandstones  and  shales,  without  any  trace  of 
fossils,  uiiderlying  the  second  seam.  Above  this  seam  there  follows  a  series  of 
grey  sandy  shales,  with  a  band  of  hard  and  light  grey  shale. 

The  third  seam,  which  now  follows,  is  not  exposed  in  this  section  on  the 
river,  but  a  little  further  to  the  south.  In  a  soft  fine  shale,  of  grey  colour  with 
reddish  tints,  above  this  seam  the  following  fossils  were  found : — 

VerUhraria  indiea,  Royle. 

N6ggwath%a  hUlopi,  Bumb.  (Feistm.) ;  numerous. 

Samaropns  parvula,  Heer. 

Seeds,  may  be  of  tbe  foregoing  species. 

These  fossils,  though  not  very  numerous  or  quite  decisive,  yet  show  an  ensem- 
ble like  those  from  the  third  Karharbiri  seam  or  from  the  Mohp&ni  coal  seams, 
both  of  which,  there  is  little  doubt,  belong  to  the  Karharbari  beds. 

This  Karharbari  character  of  the  fossils  is,  however,  more  distinctly  expressed 
in  some  other  outcrops  to  the  north  of  Singra. 

Outcrops  at  Rajhera, 

There  is  no  mining  carried  on  at  present  at  this  place,  though  there  are  traces 
of  old  workings ;  there  is,  however,  no  want  of  outcrops,  one  of  which  yielded  a 
good  number  of  fossils. 

In  a  nala  to  the  south  of  Rajhera  there  are  at  first  sandstones  like  those 
above  the  first  seam  at  Singra.  Lower  down  below  the  sandstones  there  is  an 
outcrop  of  gi*ey  sandy  micaceous  shales,  about  5  feet  thick ;  in  about  the  middle 
of  these  shales,  and  I  think  representing  the  coal  outcrop,  is  a  band  of  a  darker 
shale,  which  breaks  irregularly,  with  somewhat  a  sphseroidal  structure.  I  think 
this  outcrop  represents  the  first  seam  of  Singra. 

The  above-mentioned  dark  shale  band  is  full  of  leaf  impressions,  which  are 
in  most  cases  very  well  preserved,  and  amongst  which  the  following  species  could 
be  recognised : — 

Qloasopleris  communis,  Feistm. ;  very  large  leaves  with  a  thick  midrib  and  very  dose  and 

narrow  meshes. 
CHo88opteris  indiea^  Schimp. 

„  decipiena,  Feistm.;   one  specimen  like  the  species  from  the  RarhaiHri 

coalfield. 
Oangamopierit  eyclopteroidet,  Feistm.    The  true  originsl  form  like  in  the  Takhin 

and  Karharb&ris;  in  various  states  of  preservation,  but  also  showing  distinctly  the 

basal  portion. 
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Oan^mopUris  Tar.  tubmmeulaia ;  one  nice  specimen,  with  doubled  up  margin. 

„  var.  aitenuata. 

Samaropn*,  comp.  parmilot  Heer;  juft  like  some  from  the  Karharbitri  beds. 
Voltzia — a  branchlet  of  a  conift'rous  plant>  belongs  I  think  to  this  genus. 

There  are  some  other  shale  outcrops  east  of  Bajhera,  which,  however,  did  not 
yield  many  distinct  fossils,  thongh  the  rock  in  which  they  occnrred,  a  sandy 
ahale  of  greenish-brownish  colour  with  reddish  tints,  resembles  one  in  the 
Mohpini  coalfield  containing  fossils  of  the  Karharb^ri  type.  The  onlj  fossils  in 
the  present  instance  were  :  Olossopteris  communis,  Feistm.,  and  EquiaetaceoUs  stems. 

A  comparison  of  the  fossils  named  above  with  those  from  other  coalfields 
will  show  that  they  bear  the  character  of  those  known  from  the  Karharbdri  beds, 
jmd  there  is  little  doubt  that  the  coal  seams  of  the  Daltonganj  coalfield,  at  least 
those  where  fossils  were  found  (at  Singra  and  Bajhera),  are  of  the  age  of  the 
Karharbiri  beds,  which  circumstance  would  perhaps  add  not  a  little  to  the  impor- 
tance of  the  coalfield. 

The  Sutar  coalfield. 

From  this  coalfield,  which  is  situated  on  the  Koel  river  to  the  south  of  the 
Daltonganj  field,  and  which  was  sarveyed  by  Mr.  Ball,  I  have  also  brought  a  few 
fossils.  I  visited  first  the  outcrops  on  the  northern  margin,  south  of  the  village 
Nowadih.  Here  the  coal-bearing  rocks  are  in  contact  with  the  Talchirs.  Follow- 
ing a  nala  which  joins  the  Supuhi  river  close  to  where  the  road  from  Daltonganj 
crosses  the  former,  at  first  several  outcrops  are  found  between  massive  sandstones 
with  a  south-west  dip ;  in  these  no  fossils  were  found.  Further  on,  close  to  the 
junction  of  the  coal-bearing  rocks  with  the  Talchirs,  there  are  other  outcrops  of 
strongly  carbonaceous  shales,  quite  close  to  the  Talchirs,  in  which  the  following 
fossils  were  found  :— 

Oangamopteru  eyclophraides,  Feistm. 
„  Tar.  atienuata. 

These  carbonaceous  shales  pass  without  break  into  strata  which  belong  to  the 
TalchirSt  and  are  conformable  with  the  former ;  the  rock  is,  however,  not  of  the 
usual  kind,  being  still  somewhat  carbonaceous  shale,  although  undoubtedly 
already  in  the  Talchirs ;  here  also  some  fossils  were  found : — 

Bqmiutaee<ms  stems. 

OMtffomopterU  eyclopieroides,  Peistm. ;  typical  form. 
„  var.  subaurieulata. 

If  we  consider  now  these  latter  as  belonging  to  the  Talchirs,  then  the  carbo- 
naoeons  outcrops  in  close  proximity  to  them  are  perhaps  either  of  the  same  age, 
or  else  represent  the  KarharbTiri  beds,  while  the  higher  outcrops  would  have  to 
be  considered  as  representing  the  Bar&kar  group.  This  is  the  only  locality  where 
these  relations  could  be  recognised. 

Further  to  east,  at  the  village  Hutar,  there  are  again  some  outcrops,  also 
eppaiently  in  conformity  with  the  Talchirs ;  some  fragments  of  fossils  were  found, 
but  insufficient  to  determine  the  horizon ;  I  should,  however,  feel  inclined  to 
consider  them  as  Bariikars. 
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Somewhat  better  foBsils  were  met  with  near  the  east  end  of  the  field,  north 
of  Saidope.  At  the  confluence  of  the  Danri  and  Ghorsam  streams  there  is  a 
great  display  of  beds.  At  the  bottom  of  the  section  close  to  the  river  surface  is 
coal,  over  it  lies  coaly  shale,  then  g^y  sandy  shales,  above  which  follow  sand- 
stones of  yellowish  and  reddish  colours. 

The  fossils  occurred  in  the  black  coaly  shale  above  the  coal,  and  the  following- 
could  be  recognised  : — 

EqutMeiaceout  stems ;  ver^  numerous. 
OlotaopUrU  indica,  Scliimp. 

„  damudica,  Feistm. 

Coniferous  branch  like  VoUzia, 

To  judge  from  these  fossils,  the  outcrops  can  be  considered  as  belong^g  witls 
great  probability  to  the  Bardkars,  and  the  same  appears  to  be  the  case  with  th^^ 
other  outcrops  in  the  field,  so  that  only  on  the  northern  margin  of  the  field  wonldi 
the  fossils  allow  of  a  more  varied  grouping  of  the  beds. 

Some  of  the  fossils  gathered  on  this  occasion  from  the  Daltonganj  and  Hntasr 
coalfields  will  be  figured  in  the  Palsdontologia  Indica,  together  with  some  othe 
collected  on  a  previous  journey  in  the  Aurunga  and  K6ranpnra  coal-fields. 


Oil  the  aUer§d  basalts  of  the  Dalhousie  region  in  the  North-Western  Himalayaa^ 
hy  Colonel  C.  A.  McMahon,  P.G.B. — (WUh  two  plates). 

In  my  paper  on  the  Geology  of  Dalhousie,  I  have  already  described  the  mode 
of  occurrence  of  the  rocks  of  the  volcanic  series  in  the  Dalhousie  area,  and  it 
only  remains   to  note  their  petrological  characteristics  as  seen  in  thin  slioes 
under  the  microscope. 

Specimens  from  the  Bagrdr  ridge. 

No.  I. — A  dull  green  amygdaloidal  rock  weathering  to  a  light  brown  colour. 
Sp.  G.  2'85.  The  amygdules  are  of  small  size  and  are  composed  of  scolecite, 
delessite,  and  a  red  zeolite.    A  little  iron  pyrites  is  to  be  seen  here  and  there. 

M. — This  slice  closely  resembles  an  undescribed  specimen  of  the  Darang  traps. 
Augite  is  abundant,  and  is  in  irregular-shaped  elongated  pieces ;  none  of  it  is 
fresh,  and  the  felspar  is  also  considerably  kaoliuised.  Yiridite  is  abundant,  and 
the  slice  contains  epidote  in  a  granular  form.  Scolecite  not  only  fills  amygdules, 
but  has  replaced  much  of  the  original  material  in  their  vicinity. 

No.  2.— -A  gpreyish-green  amygdaloidal  rock  weathering  to  a  light  brown. 
Sp.  G.  2'86.  The  amygdaloidal  cavities  are  filled  with  quartz  and  scolecite, 
and  specks  of  iron  pyrites  are  to  be  seen  here  and  there  in  the  rock. 

M. — The  amygdules  are  composed  of  scolecite,  quartz,  and  viridite,  the  latter 
containing  many  crystals  of  epidote.  Cracks  in  the  rock  and  in  the  amygdules 
are  filled  with  viridite  and  a  yellow  substance  resembling  epidote.  The  yiridite 
is  of  the  serpentinous  variety. 

The  augite  is  altered  almost  past  recognition,  but  it  can  be  doubtfully  made 
out  here  and  there  with  the  aid  of  polarised  light.     The  small  felspar  prisms 
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are  still  to  be  traced,  bat  all  signs  of  twinning  bas  disappeared,  and  tbe  felspars 
have  been  so  eaten  into,  and  replaced  hy  tbe  green  alteration'product,  that  their 
outliiie  is  irregular.  The  whole  rock  is  permeated  throngh  and  through  with 
ibis  green  product  of  alteration,  and  all  the  outlines  of  the  original  minerals 
have  become  confused  and  hazy.     No  trace  of  magnetite  remains. 

The  quartz  which  occurs  in  tbe  centre  of  an  amygdule  surrounded  by  scolecite 
has  a  dusiy  appearance,  which  on  the  application  of  high  powers  (  x  300  to  500) 
is  seen  to  be  caused  by  a  multitude  of  extremely  minute  liquid  cavities,  many  of 
which  bare  morable  bubbles.  The  liquid  in  some  of  the  cavities  is  red 
coloured.  The  quartz  appears  to  have  formed  after  the  scolecite  which  lines  the 
amygdaloidal  cavities,  as  it  conforms  itself  to  tbe  outward  form  of  the  scolecite 
crystals. 

No.  3. — A  grey-green  compact  rock.     Sp.  G.  2'81. 

M.— This  is  quite  a  typical  lava.  The  base  which  forms  a  prominent  object  in 
the  field  of  the  microscope  is  considerable  in  amount  in  proportion  to  the 
imbedded  crystals,  and  probably  constitutes  more  than  one-half  of  the  whole. 
It  is  greenish-white  in  reflected,  and  something  between  a  brown  and  an  olive 
green  in  transmitted,  light.  It  is  not  at  all  dichroic,  and  it  does  not  polarise 
between  crossed  nicols,  but  changes  from  dark  to  its  natural  colour,  much  light, 
bowever,  being  absorbed.  Under  high  powers  it  is  resolved  into  very  minute 
Sr>*aDQlar  matter.  This  base  is  evidently  a  partially  devitrified  glass  and  repre* 
^nts  tbe  residuum  left  uncrystallized  owing  to  the  rapid  cooling  of  the  rock. 

In  this  base,  besides  the  larger  crystals  to  be  described  further  on,  minute  crys- 

^^  of  felspar,  often  acicular  in  shape,  are  scattered  about,  which  are  I  think 

^ry  characteristic  of  a  rapidly  ;cooled  lava.    Some  of  them  have  enclosed  por- 

%ion8  of  the  base,  as  in  fig.  7,  plate  II,  whilst  others  are  in  skeleton  or  incomplete 

forms  similar  to  those  depicted  at  figs.  1,  3,  4,  5,  and  6,  which  are  given  as 

Samples  only,  the  shape  of  these  minute  crystals  being  very  varied.' 

In  this  base,  besides  the  minute  crystals  just  described,  comparatively  large 
^mes  of  felspar  and  augite  are  arranged  in  clusters  and  groups. 

In  my  paper  on  the  basalts  of  Bombay  I  described  the  penetration  of  felspar 
\}j  augite  and  of  augite  by  felspar  as  a  structural  peculiarity  veiy  characteristic 
%)i  volcanic  rocks.  This  structure  is  more  than  usually  prominent  in  this  slice  • 
indeed  a  large  proportion  of  the  augite  and  felspar  crystals  are  interlaced  and 
intermixed  in  a  way  that  is  very  striking,  and  is  often  very  complex.  It  would 
seem  as  if  the  first  formed  crystals  floating  about  in  the  fluid  base  before  they 
attained  any  size  were  drawn  together  by  mutual  molecular  attraction,  and  that 

>  Figs.  5,  7,  and  10  cloeelj  resemble  some  of  the  fignres  depicted  in  fig.  4f,  plate  XI,  Zirkel's 
Ifieroieopio  Petarologj  of  the  40th  parallel.  Zirkel  considers  tbe  forms  sbovrn  in  fig.  8,  plate  XI 
of  bis  work  above  quoted  as  "  probably  a  felspathic  crystalline  prodnct  of  deritrifioation.'*  Un* 
fottoiiately  "  devitrification,"  aa  at  present  used  by  microscopists,  ia  a  very  ambiguous  term ;  thus 
Mr.  F.  Bntley,  in  a  paper  published  in  the  Q.  J.  G.  S.  XXXVI,  407«  writes  of  a  .rook  described' 
therein  i  '*  In  the  first  case,  it  may  be  regarded  as  an  obsidian  devitrified  at  its  birth ;  in  the 
second,  as  au  obsidian  devitrified  in  its  old  age*'  Does  Zirkel  mean  that  the  skeleton  crystals  he 
describes  are  congenital  or  epigenital  P  If  the  latter,  I  think  he  has  missed  the  point  of  the 
matter.  I  think  these  imperfect  forms  are  the  result  of  ra^nd  cooling  aud  correspond  to  the 
skeleton  crystals  of  shigs. 
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the  growth  of  the  crystals  then  went  on  side  by  side  bo  rapidly  that  they  eac 
braced  and  interlaced  each  other  in  the  act  of  crystallisation. 

At  fig.  1,  plate  I,  the  sketch  of  a  portion  of  this  slice,  magnified  30  diameters 
is  intended  to  give  a  general  impression  of  its  appearance  in  the  field  of  tla 
microscope,  and  the  way  the  imbedded  crystals  of  augite  and  felspar  gioiL 
themselves  together  in  the  base— one  long  band  of  the  associated  minerals  f  ormin:^ 
a  sort  of  festoon  across  the  centre  of  the  field. 

At  fig.  2  of  this  plate  I  have  given  a  sketch  of  another  portion  of  the  sam 
slice,  magnified  00  diameters.  The  singular  way  the  augite  has  embraced  tb 
felspar  prisms  is  shown  in  the  sketch.  The  feathery  kind  of  termination  of  sobk 
of  the  felspars  reminds  me  of  those  shown  at  fig.  2,  plate  I,  of  the  illnstrations  U 
my  paper  on  the  Bombay  basalts,  and  suggests  the  feathery  terminationfl^ 
described  by  Dr.  Sorby,  of  the  felspar  of  slags. 

Other  illustrations  of  the  intergrowth  of  augite  and  felspar  are  given  at  figs.  2, 
8,  9,  and  11,  plate  II. 

In  a  previous  paper  I  quoted  a  passage  from  Dr.  Geikie  on  the  Volcanic  rocb 
of  the  basin  of  the  Firth  of  Forth,  showing  how  felspar  prisms  '*  shoot "  through 
crystals  of  augite  as  though  they  were  ''intrusive."  Such  figures,  as  the  extra- 
ordinary ones  represented  at  figs.  9  and  II,  plate  II,  certainly  imitate  '*  intrusion " 
in  a  remarkable  way,  and  at  first  sight  suggest  the  idea  that  the  felspar  most 
have  filled  cracks  in  the  augite  crystals  at  a  period  subsequent  to  the  genesis  of 
the  augite ;  but,  I  think  these  singular  appearances  are  simply  due  to  the  ftct 
that  the  crystallization  of  both  the  felspar  and  augite  proceeded  rapidly  at  the 
same  time,  and  that  the  supply  of  material  for  the  formation  of  the  two  minerals 
fluctuated.  It  will  be  observed,  moreover,  in  fig.  2,  plate  I,  and  in  figs.  2  and  9 
of  plate  II,  that  the  felspar  is  attenuated  in  the  centre  of  the  augite  and  expands 
rapidly  at  the  edges.  I  have  observed  this  to  be  a  general  rule,  and  have  seen 
many  cases  of  it  much  more  striking  than  those  in  the  illustrations  to  which 
attention  is  directed ;  and  I  think  this  peculiarity  shows  that  the  augite  did  not 
crystallize  around  previously  formed  felspar  prisms,  but  that  the  orystallisalioD 
of  the  two  minerals  proceeded  simultaneously,  and  that  the  supply  of  febpaithio 
material  was,  for  a  time,  cut  ofE  by  the  vigour  with  which  the  molecules  of  angitie 
matter  came  together. 

In  fig.  2,  plate  I,  and  figs.  1,  2,  3,  and  9  of  plate  II,  I  have  attempted  to 
illustrate  a  tendency  observable  in  felspar  crystals  to  fray  out  at  their  ends,  or 
rather  to  throw  ofE  long  hair-like  prisms  or  appendages.  This  peculiarity  is 
another  indication,  I  think,  of  rapid  cooling,  showing  that  as  crystallisation 
proceeded,  the  supply  of  material  was  cut  o£E  by  the  loss  of  perfect  freedom  of 
molecular  motion  consequent  on  cooling;  hence  these  crystals  w«re  unable  to. 
assume  a  perfect  crystaUographic  form. 

I  dwell  upon  these  details  at  some  length,  because  they  are  not  without  interest 
in  themselves,  and  because  it  is  chiefly  by  noticing  characteristic  structural* 
peculiarities  that  we  are  able  to  distinguish  between  basic  volcanic  and  basic 
plutonic  rocks. 

All  the  augite  in  this  slice  is  of  irregular  shape ;  a  few  crystals  only  ara 
twinned. 
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If  we  except  the  miniite  cryBtals  just  described,  and  those  caught  ap  in 

ijkixgite,  the  felspar  ciystals  seen  in  this  slice  are  as  a  rule  well  shaped,  thongh 

zxi^uiy,  even  of  these,  are  frayed  out  at  one  end ;  that  is  to  say,  they  have  thrown 

ont  one  or  more  long  and  slender  terminal  prisms  indicating  that  their  ciystalliza- 

t^on,  though  deliberate  at  first,  was  ultimately  brought  to  a  sudden  and  rapid  ' 

tiermination. 

Here  and  there  th^  felspar  exhibits  the  multiple  twinning  of  triclinic  felspar ; 

flk  few  sanidine  prisms  exhibit  single  twinning ;  but  in  most  of  the  crystals  all 

trace  of  twinning  is  absent.    The  substance  of  the  prisms  has  been  much  invaded 

by  greenish  granular  matter  similar  to  that  seen  in  the  base,  and  it  is  difficult  to 

say  whether  it  was  caught  up  in  the  act  of  crystaUization  or  whether  it  is  the 

Teeult  of  subsequent  alteration. 

The  slice  contains  no  magnetite,  and  some  of  the  felspar  is  sanidine.  There  are 
«  few  fields  of  yiridite  in  the  slice. 

No.  4. — A  greenish-grey  compact  rock  weathering  to  a  b'ght  brown  colour. 
8p.  G.  2-84. 

M. — This  slice  exhibits  the  usual  arrangement  of  felspar  and  augite  scattered 
about  in  a  devitrified  glassy  base.  Some  of  the  felspar  is  seen  to  be  triclinic,  but  in 
the  majority  of  cases,  owing  to  kaolinisation,  the  twinning  is  no  longer  to  be 
traced.  I  think,  however,  from  a  consideration  of  the  azimuth  at  which  extinction 
occurs,  that  some  of  the  felspars  are  probably  sanidine. 

This  slice  contains  numerous  instances  of  the  enclosure  of  the  glassy  base  by 

felspar  in  the  act  of  crystallization,  similar  to  those  already  described.     An 

illustration  of  one  of  these  is  given  at  fig.  10.     In  some  instances  these  enclosures 

run  the  whole  length  of  the  prism  and  maintain  a  uniform  thickness  throughout. 

Another  illustration  of  one  of  these  enclosures  is  given  at  fig.  12,  plate  11.^    In 

^'bis  case  the  magma  enclosed  has  thinned  away  towards  the  centre  of  the  prism, 

being  thick  at  both  ends.     It  is  not  a  case  of  two  prisms  in  close  conjunction 

as  one  might  suppose  from  the  illustration,  but  of  one  prism  with  the  glassy  base 

^*^ght  up  in  it. 

The  augite  in  this  rock  is  much  altered.  The  slice  contains  several  cracks, 
^^^©d  with  quartz,  which  die  out  within  the  slice  itself — ci'acks  formed  I  presume 
^^  cooling. 

1^0.  5.—* A  greenish-grey  compact  rock,  brown  and  rotten  at  the  edges* 
Sp.  G.  2-69. 

This  rock  occurs  on  the  margin  of  the  outcrop  where  the  trap  first  appears* 
M. — The  whole  ground  mass  has  been  converted  into  yiridite  in  which  the 
'dspar  ciystals  are  starred  about. 

Here  and  there  the  triclinic  character  of  the  latter  can  be  made  out,  but  their 

^^^temal  structure  has  been  a  good  deal  altered  into  granular  matter.     Scattered 

^^^^ough  the  slice  are  granules  of  a  dichroic  yellowish  mineral  which  appears  to 

^  epidote.     Its  shape  is  irregular  and  its  internal  structure  is  micro-granular. 

^o  augite  is  visible. 

^  This  crygtal  tomewhAt  resembles  one  of  the  crystallites  in  pearlite  depicted  at  fig.  20,  plate  I, 
Zttkel't  Microscopic  Petrology  of  the  40th  parallel. 


\' 
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DesoetUfrom  Dhalog  to  Sanddra  on  the  Ravi. 

No.  6. — A  g^reenish-grey  compact  rock  weathering  brown.     Sp.  0. 2*80. 
rock  occurs  where  the  trap  first  crops  ont. 

M. — One  of  the  first  objects  that  strikes  one  on  looking  at  this  alioe  is  tl 
'  abondance  of  the  light  brown  glassy  base  which  is  partially  devitrified  into  fin( 
grained  granular  matter.     In  this  base  crystals  of  felspar  and  augite  are  scattere- 
about.     Very  little  magnetite  or  ilmenite  is  to    be    seen,   but  there  is  muc 
leucoxene,  the  product  of  the  decomposition  of  the  latter. 

Much  of  the  felspar  is  seen  to  be  triclinic,  but  some  of  it  is  sanidine,  and 
probably  both  are  equally  abundant.     The  felspar  is  considerably  decomposed  by 
the  invasion  of  viridite,  and  part  of  it  is  coloured  red  by  the  presence  of  fine 
granular  matter  in  it  which  is  too  minute  to  be  determined. 

Augite  is  abundant  in  irregular  shaped  prisms,  and  much  of  it  is  twiimed. 
It  is  not  in  a  fresh  condition,  but  its  alteration  is  not  in  an  advanced  stage. 

Water  has  percolated  freely  through  the  rock,  and  meandering  lake-like  spaces, 
plugged  with  scolecite  and  viridite,  are  to  be  seen  here  and  there.  Flakes  of  mica 
are  scattered  through  the  viridite. 

The  penetration  of  augite  by  felspar  prisms,  which  are  more  attenuated  in  the 
middle  of  the  augite  than  towards  the  margin  of  the  latter,  similar  to  those 
previously  described,  is  very  frequent. 

No.  7. — A  greenish-grey  compact  rock,  somewhat  mottled  in  appearance. 
Sp.  G.  2-84. 

M. — This  slice  in  its  general  aapect  very  closely  resembles  No.  3,  except  that 
the  felspar  prisms  and  augite  crystals  are  better  formed  and  are  of  more  regular 

shape. 

The  felspar  is  almost  completely  kaolinised,  and  all  trace  of  twinning  has  con- 
sequently been  obliterated.  Nearly  all  the  augite  is  partially  altered.  No  mu 
•changed  magnetite  is  discernible  in  this  slice  or  in  No.  3.  A  portion  of  this  slice 
is  depicted  at  fig.  3,  plate  I.  | 

No.  8. — A  greenish-grey  compact  rock  with  streaks  of  epidote  in  it.     Sp. 

G.  2-87. 

M. — Epidote,  associated  with  quartz,  forms  large  veins  running  through  the 
rock  and  takes  up  the  greater  part  of  the  slice ;  whilst  smaller  veins  of  epidote 
alone,  and  of  quartz  alone,  traverse  it  in  other  directions.  The  general  mass  -is 
likewise  much  penetrated  by  epidote.  The  epidote  is  in  a  minutely  g^ranular 
condition,  though  well  shaped  microscopic  crystals  are  to  bo  seen  in  abundance 
along  the  edges  of  veins. 

The  rock  itself  consists  of  the  usual  felspar  crystals  starred  about  in  a  devi- 
trified  glassy  base.  All  the  felspar  crystals  are  greatly  altered  and  invaded  by 
granular  matter.  No  unaltered  augite  remains,  and  nothing  distinctly  recognis- 
able as  augite.     Rod-like  and  dendritic  forms  of  magnetite  eae  abundant  in  the 

base. 

No.  9. — A  greenish-grey  compact  rock.     Sp.  G.  2*76. 

M. — ^Augite  is  abundant  and  is  in  rather  massive,  irregpilar  shaped  prisms. 
The  slice  contains,  however,  one  long  slim  augite.  Twinning  is  not  common. 
All  the  augite  is  more  or  less  browned  as  the  result  of  partial  alteration. 
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The  felspar  k  in  well^haped  prisms  of  moderately  large  size.  It  is  much 
Icaoliniaed,  and  the  twinning  can  only  be  made  out  here  and  there.  The  slice 
apparency  contains  both  plagioclase  and  sanidine. 

Amygdnles  of  viridite  (delessite  P)  and  scolecite  are  prominent,  and  flakes  of 
mica  are  to  be  seen  in  both.     All  the  ilmenite  has  been  converted  into  leucoxene. 

Trap  from  the  Ravi  section  between  Simliu  and  Kairi. 

No.  10. — A  mottled  greenish-grey  compact  rock.     Sp.  G«  2*78. 
M. — ^Angite  is  abundant  in  this  slice,  but  it  is  all  more  or  less  altered  and 
converted  here  and  there  into  a  serpentinous  product. 

The  felspar  is  greatly  kaolinised.  A  serpentinous  variety  of  viridite  is  abun- 
dant and  contains  some  crystals  of  epidote. 

Here  and  there  the  original  glassy  base,  now  partially  devitrified,  is  still  to 
be  made  out. 

No.  11. — A  mottled  g^reenish-grey  compact  rock.     Sp.  G.  2*86. 
M. — This  slice  is  very  similar  to  the  last,  but  the  augite  is  still  more  altered. 
An  irregular  vein  filled   with  epidote   meanders  through   the  slice.      The 
triclinic  character  of  some  of  the  felspar  can  still  be  discerned,  but  the  rest  is 
completely  kaolinised. 

No.  12. — ^A  pale  greenish-grey,  perfectly  compact  rock  with  a  vitreous  aspect. 
Sp.  G.  2*84. 

M. — The  slice  consists  of  a  devitrified  glassy  base  in  which  numerous  crystallites 
of  felspar  are  starred  about.  The  base  is  composed  of  micro-granular  matter 
of  grey  colour  with  a  faint  greenish  tinge  in  it.  Diffused  through  this  are 
patches  of  minutely  granular  matter,  of  irregular  outline,  that  polarises  between 
^it)88ed  nicols.  It  is  probably  imperfectly  formed  epidote  and  may  possibly 
^present  pre-existing  augite. 

The  slice  is  traversed  by  numerous  veins   filled  with  crypto-crystalline  and 
apparently    felspathic    material  crowded  with    countless,    colourless,  hair-like 
'^^^^Toliths.     These  veins  were  apparently  filled  by  an  exfiltration   process  during 
'*^^  cooling  of  the  rock. 

Below  the  Staging  Bungaloio  Mdmul  to  the  west, 

^o.  13. — A  mottled  compact  rock  varying  from  green  to  purple.     Sp.  G. 
^^.    B.B  :  fuses  to  a  black  magnetic  bead. 

^. — This  slice  consists  of  a  glass,  partially  devitrified  and  exhibiting  flow 
®*'**"^cture,  containing  a  large  amount  of  ferruginous,  minutely  granular  material, 
^''^"''^nged  in  flocculent  masses.  Much  of  it  is  peroxidised,  and  this  impai'ts  a  red 
fl^t^^arance  to  the  slice  in  reflected  light.  In  this  base  are  scattered  minute  and 
"[^^""^^olar  shaped  prisms  of  felspar  which  exhibit  no  twinning.  A  compara- 
^^'^^ly  large  one  has  the  multiple  twinning  of  a  triclinic  felspar.  Here  and  there 
P^^^hes  of  leucoxene  are  to  be  seen,  but  no  augite. 

The  slice  contains  a  few  shapeless  grains  of  a  dichroic  and  minutely  granular 
°^^  Oeral       ich  appears  to  be  epidote. 

No.  14.— A  greenish-groy  compact  rock.   Sp.  G.  2*86.     B.B  :  fuses  easily  to 
^  ^ark  bead. 

R 
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IL — Tins  slioe  consiste  of  a  deiiinfied  glaaj  \»mt  in  wlddi  imperfectly 
fonned  crystals  of  febpar  mre  acaitered  aboat.     It  toj  macli  vesemfales  Ka  1:2. 


AH  the  above  specimens  gire  siwialani  evidence  of  haTing  been  laras  enipted 
at  the  snr&ce  of  the  eartib*s  cnisiL  Ko  existing  Tolcano  conld  ji^  a  more 
typical  lava  than  No.  4. 

The  Dalhonsie  traps  appear,  iMitiie  whole,  to  bdong  to  the  basic  type- 
No.  5  maj  possiblj  briong  to  the  intermediate  series,  bat  No.  13  was  evi- 
dentlj  a  highlj  glassy  'rock,  approiimatfng  lo  a  basalt  glass,  and  No.  5  may" 
hare  belonged  to  this  class  alsou 

Angite  is  abundant  in  all  tha  other  specimens  except  in  Nos.  12  and  14f 
(in  which  it  is  wanting) ;  and  their  specific  graritj  ranges  from  2*76  to  287 ; 
their  average  being  2^.  The  spcific  gravity  of  Nos.  12  and  14  is  2*S4  and 
2*86.  All  the  specimens  describeVfts  this  paper,  except  if o.  5,  clearly  belong  to 
the  basic  class. 

Sanidine  is  present  in  most  of  the  specimens,  bat  it  pUys  a  subordinate 
part.  The  presence  of  a  small  wimnt  of  sanidine,  even  in  true  basalts,  is 
not  specially  remarkable.^ 

Considering  the  extent  to  which  alteration  has  proceeded,  the  absence  of 
olivine  was  only  to  be  expected,  for  it  is  one  of  the  first  of  the  basaltic  minerals 
to  decay,  and  it  may  have  fornished  the  materials  for  the  formation  of  some  of 
the  secondary  minerals  so  abandant  in  these  rocks.  On  the  whole,  I  think,  the 
Dalhonsie  traps  may  be  classed  as  altered  basalts. 

The  next  question  which  arises  is  whether  the  microsoopical  examination  of 
these  rocks  throws  any  light  upon  their  geological  age. 

The  idea  that  basalts  are  tertiaiy  rocks  has  long  since  been  exploded,  and 
it  is  now  known  that  they  may  be  of  any  age.  Moreover,  those  who  formerly 
held  that  basalts  are  of  tertiary  age  would  probably  have  classed  the  rocks  now 
described  as  melaphyrss.  I  discard  the  name  melaphyre  myself,  because  its 
use  is  apt  to  be  misleading,  inasmuch  as  altered  plutonic  rocks  are  sometimes 
included  under  that  term. 

All  the  specimens  examined  show  that  the  Dalhonsie  traps  are  greatly  altered. 
In  none  is  the  augite  fresh ;  whilst  in  some  it  is  altered  almost  past  recognition. 

The  felspar  is,  as  a  rule,  more  or  less  kaolinised ;  whilst  throughout  the  slices^ 
secondary  products  are  abundant. 

The  extent  to  which  alteration  has  proceeded  in  these  rocks  is  in  my  opinioxc 
a  good  argument  in  favour  of  their  being  of  considerable  geological  age. 

The  alteration  exhibited  appears,  from  the  aspect  of  the  rocks  under  ih^ 
microscope,  to  have  been  the  result  of  either  the  slow  percolation  of  water  o-^ 
of  hydro-thermal  agencies.  This  alteration  is  not  a  mere  local  peculiarity,  bo^ 
appears  to  prevail  throughout  these  rocks  and  tb  extend  over  a  large  area. 

Considerable  time  must  surely  have  been  required  for  the  production  of  t 
uiiifoim  changes  to  be  seen  in  these  dense  traps.     In  the  absence  of  evidence 

1  See  Zirkel's  Micrcwco    c  Petrology  of  the  40th  raralkl,  pp.  21G.229. 
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the  contrary,  I  think  we  maj  safely  conclude  that  the  extent  of  alteration 
afEords,  in  a  rough  way,  a  measure  of  the  age  of  these  rocks. 

The  basalts  of  Bombay  are  believed  to  be  of  upper  cretaceous  or  lower  tertiary 
age  ;  and  if  we  compare  the  extent  to  which  alteration  has  proceeded  in  the  two 
rocks, — both  being  basic  lavas  of  much  the  same  character — I  think  it  is  logical 
to  infer,  unless  and  until  evidence  to  prove  the  contrary  can  be  adduced,  that  the 
traps  of  the  Dalhousie  area  are  considerably  older  than  the  basalts  of  Bombay. 
The  result  of  their  examination  under  the  microscope  is  therefore  to  support  the 
conclusion,  as  to  the  age  of  the  traps  described  in  this  paper,  arrived  at  on  other 
grounds  in  my  paper  on  the  geology  of  Dalhousie. 


EXPLANATION  OP  PLATES. 

Plate  I. 

Fig.  1.     Altered  basalt.     Dalhousie.     Slice  No.  3.     Sketch  intended  to  give  a 

general  idea  of  the  way  the  augite  and  felspar  crystals  are  inter- 
laced and  grouped  together  in  clusters. 

Fig.  2.     Another  portion  of  the  same  slice  showing  the  feathery  terminations  of 

some  of  the  felspar  crystals  and  the  intergrowth  of  augite  and 
felspar  consequent  on  the  simultaneous  crystallization  of  these 
minerals. 

Fig.  3.     Altered  basalt.     Dalhousie.   Slice  No.  7.     Crystals  of  felspar  and  augite 

are  seen  scattered  about  in  a  partially  devitrified  glassy  base. 

Plate  II. 

An  incomplete  or  skeleton  form  of  felspar  ciystal>     Slice  No.  3.     The 

result  of  rapid  solidification. 
Intergrowth  of  augite  and  felspar,  the  result  of  rapid  cooling.     Slice 

No.  3. 
Another  skeleton  form  of  felspar  crystal.     Slice  No.  3. 
Ditto. 
Ditto. 
Ditto. 
Skeleton  crystal  of  felspar  which  has,  owing  to  rapid  cooling,  enclosed 

a  portion  of  the  base.     Slice  No.  3. 
Intergrowth  of  augite  and  felspar.     Slice  No.  3. 
Ditto. 

Enclosure  of  tlie  base  by  a  skeleton  crystal  of  felspar.     Slice  No.  4. 
Intergrowth  of  augite  and  felspar.     Slice  No.  3. 
Enclosure  of  glassy  base  by  skeleton  crystal  of  felspar.     Slice  No.  4. 
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On  the  microscopic   stmctnre   of  some    sab-Hinialayan    rocks  of  tertiary  (M^e, 

hy  Colonel  C.  A.  McMahon,  F.G.S. 

No.  1. — A  fine-grained  sandstone  of  the  Sirmnr  series,  containing  a  fossil  leaf, 
found  by  Mr.  Mcdlicott  south-east  of  Chune,  on  the  Ravi.     The  following  note 
on  this  specimen  is  taken  from  the  Records  of  the  Survey  of  India,  Vol.  LX,  p. 
52  : — "  In  this  very  crushed,  probably  inverted,  outcrop  I  found  a  characteristir 
sample  of  the  Kasauli  plant  bod,  the  only  occurrenoe  of  it  known  west  of  the 
Sutlej." 

M. — The  grains  of  quartz  in  this  slice  are  nearly  all  angular,  and  only  a  few 
here  and  there  are  subangular. 

Grains  of  granular  limestone  are  numerous,  and  one  fragment  of  felspar  is  pre- 
sent. Leaves  of  biotite  (?)  and  muscovite  are  to  be  seen  here  and  there,  and  are 
evidently  original  constituents  of  the  rock  and  were  deposited  along  with  the 
sand.  The  leaves  of  mica  are  bent  round  and  conform  to  the  external  shape  of  the 
grains  between  which  they  are  jammed.  The  sand  of  our  Panjab  riyers  is  full 
of  fragments  of  mica. 

The  slice  contains  some  green  dichroic  grains  that  may  have  resulted  from  the 
degradation  of  trap.     It  also  contains  fragments  of  garnet  and  of  schorl. 

The  interstitial  mud  has  been  converted  into  a  orypto-crystalline  material. 

I  have  only  detected  liquid  cavities,  with  movable  bubbles,  in  one  grain  of 
quartz.     The  bubbles  are  extremely  small  ones. 

Specimens  of  fine-grained  sandstones  from  Bhond.^ 

No.  2. — This  specimen  closely  resembles  the  last  described.  It  contains  frag- 
ments of  schorl,  muscovite,  and  green  mica.  Grains  of  calcite  are  present,  but  they 
are  not  so  abundant  as  in  the  last.  There  are  some  micro-garnets  and  a  little 
hsBmatite.     I  have  observed  no  liquid  cavities  in  the  quartz. 

^o.  3. — The  same  as  the  lost.  The  slice  contains  four  minute  fragments  of 
plagioclase.     Calcite  is  sparce,  and  the  quartz  contains  no  liquid  cavities  with 

bubbles. 

No.  4. — This  specimen  is  very  similar  to  the  preceding  ones.  It  oontains 
more  calcite  than  the  last  and  more  argillaceous  material.  It  ccmtains  neither 
schorl  nor  garnet,  but  liquid  cavities  with  movable  bubbles  are  present  in  the 

quartz. 

^o,  5. — ^The  grains  of  quartz  are  in  angular  fragments  closely  doretailed 
together.  The  interstitial  mud  which  occurs  in  patches  is  dax^  between  crossed 
nicols  showing  doubly  refracting  fibres  scattered  about  in  it,  apparentlj  of 
felspathic  material. 

The  slice  contains  some  grains  of  schorl  and  fragments  of  green  mica  and 
muscovite.     Some  of  the  grains  of  quartz  contain  liquid  cavities  with  movable 

bubbles. 

In  this,  and  one  of  the  previous  slices,  a  quartz  grain  contains  a  microlith 
with  an  internal  shrinkage  cavity, — a  circumstance  that  indicates  an   igneous 

^  Uecords  XVI,  p.  35. 
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on^in  and  shows  thai  the  grain  of  quarts  was  derived  from  the  waste  of  granite 
or  ainiilar  rock. 

No.  6. — This  slice  consists  of  fragments  of  quartz  and  a  muddj  cement  con- 
verted into  a  crjpto-crjstalline  material ;  it  contains  fragments  of  schorl,  mus- 
covite,  green  mica,  calcite,  and  one  of  garnet.  There  are  patches  of  chloritic  ma- 
terial here  and  there. 

Some  of  the  quartz  grains  contain  liquid  cavities  with  movable  bubbles. 

Red  clays — Bhond, 

No.  7.— This  consists  of  angular  pieces  of  quartz  and  fine  fragments  of  mus- 
covite  imbedded  in  very  fine  red  mud.  Patches  of  haBmatite  are  present  here 
and  there. 

No.  8. — Much  the  same  as  the  last  specimen.  There  is  less  mud  and  more 
fine-grained  siliceous  material  and  more  white  and  green  mica.  The  slice  is  of 
somewhat  variegated  colour  owing  to  the  presence  of  dark  and  clear  irregularly 
defined  bands. 

In  one  of  the  quartz  grains  I  detected  liquid  cavities  with  small  movable 
bubbles. 

No.  9.— Much  the  same  as  No.  7.  Muscovite  is  more  sparse,  and  I  have  not 
detected  any  liquid  cavities  in  it. 

Kasauli  sandstones. 
No.  10.~  This  slice  consists  of  angular  fragments  of  quartz  and  patches  of  con- 
solidated mud ;   it  contains  pieces  of  schorl,  leaves  of  silvery  and  of  a  yellowish, 
groen  mica ;  also  a  piece  of  triclinic  felspar ;  a  few  small  garnets  and  a  fragment 
of  &  larger  one. 

8ome  of  the  quartz  grains  contain  movable  bubbles,  but  they  are  small  and 
81>^"rce.  One  grain  of  quartz  contains  a  microlith  of  hornblende,  in  which  are 
'^i^xaerous  grains  of  opacite  and  several  enclosures  with  fixed  bubbles  in  them, 
'^ixother  quartz  grain  is  full  of  transparent  hair-like  belonites.  This  specimen 
ooxxtains  no  calcite. 

No.  11.— This  slice  g^reatly  resembles  the  last.  It  contains  muscovite  a  red. 
^•-^li-brown  mica,  schorl,  numerous  large  pieces  of  garnet,  a  little  granular 
ca-lc5ite,  a  fragment  of  epidote  and  fragments  of  a  carbonaceous  slaiy  rock.  The 
^'*''*x«covite  is  in  good-sized  leaves. 

Some  of  the  grains  of  quartz  exhibit  a  polysynthetic  structure,  whilst  others 
coixtsin  microliths  of  muscovite  similar  to  those  so  characteristic  of  the  gneissose 
gi^^*3iite  of  the  North- West  Himalayas.  There  are  some  fragments  of  crypto-crys- 
**Uine  mica  (another  characteristic  of  the  gneissose  granite)  and  a  grain  of  fibrous 
*^^3par  (a  form  of  microcline, — see  Records  XVI,  131). 

There  is  a  small  fragment  of  triclinic  felspar  and,  I  think,  of  decomposed  or- 
**^oclase. 

Some  of  the  quartz  contains  liquid  cavities  with  movable  bubbles. 

Bakloh  sandstones, 

Ko8. 12  and  13.— These  slices   consist  of  angular  and  sub-angular  grains  of 
^^lartz  set  in  mud.     The  quartz  is  not  very  clear  or  pellucid,  being  here  and  there. 
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milky  and  opaqne  ;  and  some  of  the  grains  exhibit  a  poljsjnthetio  stractnre. 
The  earthy  portion  is  stained  yellow  with  oxide  of  iron,  and  here  and  ther^ 
brown  dots  appear  which  are  probably  limonite. 

No  calcite  or  mica  is  present,  bnt  there  are  a  few  small  fragments  of  a 
diohroic  mineral  that  may  be  schorl. 

No.  12  contains  cavities  with  babbles,  bnt  not  movable  ones. 

No.  14. — This  rock  so  closely  resembles  the  Kasauli  sandstone  that  a  separate 
description  is  nnnecessary.  Schorl,  a  small  garnet,  and  a  little  felspar  are  pre- 
sent in  the  slice.  The  quartz  contains  liquid  cavities  with  movable  bubbles 
and  stone  cavities  with  fixed  bubbles  and  mineral  deposits.    Muscovite  is  sparce. 

Dagshdi  sandstones. 

The  specimens  described  below  were  taken  from  the  side  of  the  Simla  cart 
road  facing  Dagshdi. 

Nos.  15, 16,  and  17. — These  are  seen  under  the  microscope  to  be  composed 
of  fragments  of  quartz  and  of  slaty  rocks,  some  of  which  appear  to  be  car- 
bonaceous. Fragments  of  well  crystallised  calcite  and  of  schorl  are  also  pie- 
sent.  Each  slice  contains  a  few  pieces  of  triclinic  felspar,  one  of  which  includes 
microliths  of  muscovite.  Leaves  of  muscovite  and  a  yellowish-green  mica  are 
abundant. 

One  of  the  grains  of  quartz  has  crjrpto-crystalline  mica  attached  to  and 
penetrating  it.  It  has  all  the  appearance  of  being  a  fragment  of  the  gneissose 
granite.  There  are  also  separate  fragments  of  the  ciypto-crystalline  mica.  Some 
of  the  quartz  grains  are  polysynthetic. 

A  few  small  garnets  are  present,  and  liquid  cavities  with  movable  bubbles  are 
abundant  in  the  quartz. 

Siwalih  series  (Nahan  beds  /),  Naini  Tdl  road. 

Nos.  18,  19,  and  20. — These  consist  of  angular  pieces  of  quartz,  bits  of  slate, 
and  a  little  mud,  the  quartz  predominating.  Leaves  of  muscovite  and  a  gTeen-* 
ish  mica  and  fragments  of  schorl  are  present  in  the  slice.  Some  of  the  quarts 
grains  contain  microliths  of  muscovite  similar  to  those  contained  in  the 
gneissose  granite.  Some  of  the  quartz  is  milky  and  opaque,  and  none  of  it  is 
particularly  hyaline. 

Liquid  cavities  are  numerous  in  the  quartz,  but  those  with  bubbles  ore  com- 
paratively sparce. 

Nahan  sandstone — Nala^arh, 

No.  21. — This  slice  consists  of  angular  and  sub-angular  grains  of  quarts^ 
quartzite,  slate,  limestone,  schistose  rocks,  and  kaolinised  felspar,  cemented 
together  with  mud.     Some  of  the  slate  appears  to  be  carbonaceous. 

A  good  many  of  the  grains  of  quartz  are  of  polysynthetic  structure  similar 
to  the  fish-roe  grains  of  the  gneissose  granite.  The  slice  contains  a  fragment 
of  triclinic  felspar  and  a  few  of  the  foliated  variety  of  microcline.  Much  of 
the  quartz  is  milky  and  opaque ;  muscovite  is  present  and  also  a  few  fragments 
of  schorl. 
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Liquid  cayities  with   movable  bubbles  are  numerous  in  the  quartz  ;   also 
air  cavities. 

Nahan  sandstone — Mailog, 

Nob.  22  and  23. — These  specimens  are  composed  of  angular  grains  of  quartz 
imbedded  in  fine  mud  of  greenish  colour.  The  slices  contain  fragments  of 
Bchorl  and  the  quartz  liquid  cavities  with  movable  bubbles. 

Siwalik  (f)  sandstone.     JDhdr, 
The  undoubtedly  Siwalik  sandstone  of  the  outermost  range   is  too  friable  to 
admit  of  slicing,  but  except  in  induration  it  seems  lithologically  identical  with 
the  Dbar  rock. 

No.  24. — This  slice  very  much  resembles  No.  21  in  its  general  appearance  under 
tiie  microscope  and  in  the  nature  of  its  contents.  Both  contain  fragments  of 
red  quartzite,  green  schists  containing  magnetite  that  remind  me  much  of 
bomblendic  beds  near  Shiel,  in  the  Jubal  State,  beyond  Simla;  and  fragments 
of  a  rock  that  looks  like  a  decomposed  amygdaloid.  No.  24  differs  from  No.  21 
in  containing  fragments  of  a  pink  garnet,  flesh-coloured  in  transmitted  light. 
Hngcovite  is  present  in  large  leaves  in  No.  21,  but  in  No.  24  no  mica  is  present, 
^cept  in  the  form  of  microliths  in  the  quartz.  No.  24,  moreover,  does  not  con- 
Wn  any  "  fish-roe"  quartz. 

Both  rocks  under  the  microscope  are  generally  so  similar,  that  if  they  do  not 
'^present  the  same  beds,  at  any  rate,  some  of  the  rocks  that  were  exposed  and  in 
pi^ocess  of  erosion  when  the  Nalagarh  beds  were  laid  down  must  have  been  in 
process  of  erosion  when  the  Dhar  beds  were  deposited. 

The  slice  under  description   (24)  contains  a  doubly  refracting  mineral  that 
appears  to  be  schorl. 

The  garnets  are  full  of  air  cavities ;  whilst  liquid  cavities  with  large  movable 
^^l^bles  are  abundant  in  the  quartz. 

Conclusion, 

A  microscopic  examination  of  the  fine-grained  earthy  sandstone  containing  a 
*  dossil  leaf  found  by  Mr.  Medlicott  in  the  Sirmur  horizon  on  the  Ravi,  and  of 
"'^^  beds  trans-Ravi  at  Bhond,  and  of  some  of  the  beds  under  Bakloh  (in  which 
fo^eil  leaves  have  also  been  found) ;  and  a  comparison  of  these  rocks  with  a  thin 
®^ioe  of  a  typical  Kasauli  bed  leave  no  doubt  in  my  mind  that  the  Kasauli  leaf 
b^^  continue  into  the  Ualhousie  area.^  Their  position,  in  the  Dalhousie 
^^^on,  appears  to  be  near,  but  not  on,  the  northern  boundary  of  the  outcrop 
^  tibe  Sirmur  series. 

The  Kasauli  leaf  beds,  in  which  name  1  include  all  those  alluded  to  in  the 

^^*t  paragraph,  are  composed  of  very  fine-grained  angular  fragments  of  quartz, 

S^"%in8  of  calcite  or  granular  limestone,  fragments   of  carbonaceous  slaty  rocks, 

'^^d  consolidated  mod.     Leaves  of  muscovite  and  of  a  greenish  mica — evidently 

oxigiual  constituents  of  deposition — are  squeezed  between  the  grains  of  quartz ; 

'  1  bave  Bome  Vfry  perfect  foe^l  leaves  iinhedded  in  nn  exactly   similar  rock  found  by  Mr. 
^- J.  liodgers  at  Dbarmsala  luid  given  me  by  tbut  gentleman. 
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whilst  either  minutelj  triturated  fragments  of  mica  are  mixed  np  with  the  mud, 
or  a  portion  of  the  latter  has  been  converted  into  that  mineral.  The  former 
explanation  seems  the  more  probable  one. 

Taking  the  specimens  of  the  Sirmnr  series  described  in  the  preceding  pages 
as  a  whole,  thej  appear  to  have  had  their  origin  in  the  sabaerial  waste  of  the 
carbo-triassic  limestones,  infra-carboniferous  slates,  granitic  rocks,  and  probably  tc 
a  small  extent  of  traps.  The  evidence  afforded  by  the  Sirmur  sandstones  00 
the  latter  point,  however,  is  feeble. 

A  prominent  feature  in  most  of  the  slices  is  well  crystallized  or  granulai 
limestone,  in  fragments  that  have  all  the  appearance  of  having  been  deposited 
with  the  other  constituents  of  the  rock.  They  are  all  isolated  fragments  ;  there 
are  no  veins  or  connecting  liuks  between  them,  and  nothing  to  support  the  sup 
position  that  they  have  been  formed  by  an  epigenital  process  after  the  oonsclida' 
tion  of  the  sandstone.  I  can  only  regard  these  as  fragments  of  limestones,  and  1 
think  the  inference  a  natural  one  that  the  carbo-triassic  series  was  exposed  at  the 
surface  and  was  suffering  denudation  when  these  tertiary  sandstones  were 
formed.  We  know  on  other  evidence  that  in  the  Simla  area  these  limestonee 
were  deeply  eroded  by  subaerial  agencies^  in  pre-tortiary  times. 

The  presence  in  these  sandstones  of  fragments  of  carbonaceous  slaty  rocks 
that  would  answer  well  for  the  infra-Krol  series  also  supports  this  view. 

But  infra-Krol  and  Krol  rocks  were  evidently  not  the  only  ones  that  were  suffer- 
ing denudation  in  the  Himalayan  area  when  the  Sirmur  series  were  laid  down. 
The  presence  of  schorl,  of  a  type  characteristic  of  granitic  rocks ;  of  fragments 
of  garnet,  a  mineral  very  abundant  in  such  rocks  in  the  North.West  Himalayas ; 
of  muscovite  and  a  dark  green  mica  ;  of  triclinic  felspar,  and  of  the  fibrous  variety 
of  microcline,  taken  in  connection  with  the  character  of  the  quartz  grains, 
indicates,  I  think,  clearly  enough,  that  granitic  rocks  were  also  exposed  at  the 
surface  and  were  suffering  denudation  when  the  sandstones  were  formed. 

The  schorl  and  muscovite  I  should  say  undoubtedly  came  from  granitio 
rocks;  the  former  is  of  the  type  characteristic  of  such  rocks,  and  does  not 
resemble  the  tourmaline  found  in  the  silurian  sandstones  of  the  Dalhousie  aroa. 

Garnets  might  of  course  be  derived  from  a  variety  of  rocks,  but  at  the  same 
time  it  must  not  be  forgotten  that  this  mineral  is  abundantly  present  in  the 
granites  and  gneissose  granites  of  the  Himalayas. 

But  the  character  of  the  quartz  is  the  most  important  point  in  oonneotion 
with  the  subject  under  consideration.  Liquid  cavities  with  movable  bubbles 
are  abundant  in  many  grains ;  in  quite  as  large  a  proportion  of  grains  as  one 
could  reasonably  expect  on  the  supposition  that  they  were  derived  from 
Himalayan  granitic  rocks.  Then  we  have  grains  containing  microliths  with 
shrinkage  cavities  in  them,  exactly  similar  to  those  found  in  our  Himalayan 
granites;  and  in  No.  10  we  have  a  hornblende  microlith  containing  several 
enclosures  with  fixed  bubbles  in  them ;  whilst  in  No.  14  we  find  quartz  grains 
containing  stone  cavities  with  fixed  bubbles,  and  mineral  matter  either  deposited 
by  the  mineral  material  of  the  "  stone  enclosure  "  on  cooling,  or  caught  np  by  it 
in  the  act  of  consolidation.     All  the  above  are  eminently  characteristic  of  granitic 

*  Manual,  pp.  538,  569. 
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rocks  and  could  be  matched,  over  and  over  again,  in  the  granites  and  gneissose 
gmniteR  of  the  Himalayas. 

Other  points  to  be  noted  are  that  some  of  the  quartz  grains  exhibit  a  poly, 
sjiithetic  structure,  aud  that  both  quartz  and  felspar  contain  microliths  of 
mnscovite;  whilst  Nos.  15 — 17  contain  fragments  of  crypto-crystalline  mica,  and 
a  quartz  grain  penetrated  by  crypto-crystalline  mica.  The  study  of  the  granites 
and  gneissose  granites  of  Dalhousie  and  the  Satlej  valley,  under  the  microscope, 
has  shown  that  polysynthetic  quartz,  microliths  of  jnuscovite  in  quartz  and 
felspar,  and  crypto-crystalline  mica  are  very  characteristic  of  these  rocks. 

On  the  whole,  then,  I  cannot  doubt  that  much  of  the  material  of  the  Sirmur 
sandstones  were  derived  from  the  waste  of  granitic  rocks. 

The  comparative  paucity  of  felspar  may  I  think  be  explained  by  the  fact 
that  this  mineral  is  not  so  hard  as  quartz,  schorl,  or  garnet,  and  consequently 
most  have  sufEered  more  than  these  minerals  from  trituration.  It  is  moreover 
very  liable  to  decomposition,  and  doubtless  it  was  the  felspar  that  suffered  most 
in  the  passage  of  granitic  detritus  down  the  Himalayan  streams  and  rivers,  and 
snpplied  a  considerable  proportion  of  the  constitaents  of  the  mud  that  forms  the 
landing  material  of  the  sandstones.  The  felspar  suffered  more  than  the  lime- 
stones, because,  1  presume,  it  had  to  travel  further,  and  came  from  the  axial  ridges 
of  the  Himalayas,  whilst  the  limestones  were  nearer  home. 

Mica  is  soft,  but  is  very  indestructible ;  and  its  very  lightness  and  buoyancy  in 
water  doubtless  preserved  it  from  injury  by  the  way. 

Another  question  remains,  namely,  were  the  granitic  materials  derived  di« 
Wctly  from  granitic  rocks,  or  were  they  first  deposited  in  ancient  clastic  rocks 
*i>d  supplied  to  the  Sirmur  sandstones  on  the  breaking  up  of  those  rocks  P 

I  do  not  think  the  latter  supposition  a  probable  one.     The  schorl  and  garnets 

**^  very  fresh,  and  had  they  lain  for  long  geological  periods  in  ancient  clastic  rocks 

''of ore  they  found  a  resting  place  in  the  Sirmur  sandstones,  I  think  they  would 

^ve  shown  considerable  signs  of  alteration  or  have  been  transmuted  into  other 

'"minerals  that  result  from  their  degradation. 

Assuming  then  that  the  granitic  materials  were  directly  derived  from  gra- 
^^t?lc  rocks,  the  important  question  arises,  were  they  derived  from  rocks  now 
^^ible  or  from  some  others  ? 

It  does  not  seem  probable  that  any  granitic  rocks  can  have  been  exposed  in 
t*^^  Sirmur  sandstone  age  other  than  those  now  visible.  It  is  conceivable  that 
•^^Txie  old  intrusive  sheets  may  have  been  removed  by  erosion,  but  they  must  have 
^^  their  roots  behind  in  any  case. 

That  rocks  of  very  similar  appearance  to  the  gneissose  granites  described  in  a 

P^^evious  paper,  and  which  I  regarded  as  of  tertiary  age,  must  have  been  exposed 

^^  Silurian  times,  is  clear,  for  the  upper-silurian  conglomerate  contains  boulders 

^  granitoid  gneiss.     Samples  of  these  boulders  have  not  as  yet  been  subjected  to 

^  Critical  examination  in  the  laboratory,  and  it  would  be  premature  to  express  any 

^^cided  opinion  regarding  the  character  of  this  granitoid  rock ;  but  whatever  it 

'^^y  turn  out  to  be,  there  seems  to  be  no  reason  why  we  should  suppose  that  gra- 

L        nitic  intrusions  into  the  Himalayan  area  took  place  during  one  period  only,  or 

I       tliat  they  were  limited  to  the  special  Himalayan  disturbances  of  post-eocene  times. 
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If  these  eruptioDB  began  in  pre-tertdary  or  early  tertiary  times,  the  fact  tha 
gneissose  granite  had  come  to  the  surface  and  was  snfEering  erosion  when  th 
Sirmur  series  were  deposited  presents  no  difficulty. 

That  the  gneissose  granite  was  already  exposed  when  the  Siwalik  conglc 
merates  were  laid  down,  does  not  admit  of  a  reasonable  doubt,  for  the  conglc 
merates  are  full  of  boulders  of  a  rock  undistiDguishable  from  it ;  and  the  Siwali! 
conglomerates  afford  internal  evidence  of  being  derived  from  local  sources. 

In  my  paper  on  the  microscopic  structure  of  the  Dalhousie  gneissose  granit 
{supra^  p.  143)  I  spoke  of  this  rock  as  of  probably  tertiary  age  and  said  that  i 
was  probably  "  brought  into  its  present  position  in  the  course  of  the  throes  tha 
gave  birth  to  the  Himalayas."  Whilst  I  adhere  to  that  statement,  I  desire  to  poin 
out  that  it  is  not  necessary  for  us  to  assign  a  late  period  in  the  tertiary  age  fo 
the  invasion  of  silurian  beds  by  a  hypogece  rock  of  this  character ;  or  indeed  t 
pin  ourselves  down  to  the  tertiary  period  at  all.  The  facts  disclosed  in  thi 
paper  would  harmonise  better  with  the  supposition  that  the  eruption  of  th 
gneissose  granite  took  place  at  a  somewhat  earlier  date  than  that  usually  assignei 
to  the  beginning  of  the  last  series  of  special  Himalayan  disturbances. 

It  has  been  shown  in  the  Manual  of  the  Goology  of  India  (pp«  525,  569-570 
that  the  disturbing  action  proceeded  with  great  slowness ;  that  the  Himalaya! 
river  gorges  in  Siwalik  times  were  the  same  as  now ;  that  the  sea  was  probabl; 
excluded  from  the  sub- Himalayan  region  from  early  tertiary  times ;  that  eleva 
tion  preceded  compression  ;  and  '^  before  any  special  contorting  action  had  set  ii 
the  general  condition  of  sub-Himalayan  deposition  had  been  established  by  i 
general  (continental)  elevation  of  the  Himalayan  area." 

The  Krol  (carbo-triassic)  rocks  in  the  Simla  area  were  deeply  denuded  br 
subaerial  agencies  (Manual,  pp.  533-569)  before  the  eocene  nummulitics  wer 
laid  down,  and  the  Sabathu  beds  are  '*  very  variable  in  thickness  suggesting  i 
limit  of  deposition  to  the  north-east."  In  other  words,  the  Krol  area  in  the  Siml 
region  was  above  water  and  formed  dry  land  in  pre-tertiary  times ;  and  if  so,  i 
seems  only  reasonable  to  suppose  that  the  central  axis  of  the  Himalayas,  if  no 
throughout  its  whole  length,  had  also,  in  part,  at  any  rate,  risen  from  the  se 
and  formed  more  or  less  elevated  land  in  pre-tertiary  times,  and  so  we  find  itstatei 
in  the  Manunl,  page  571,  that  *'a  considerable  Himalayan  elevation  occurred  ii 
pre-tertiary  and  early  tertiary  times." 

The  process  of  elevation  doubtless  was  a  slow  and  gradual  one  and  extendei 
over  a  lengthened  period ;  but  the  ''continental  elevation"  of  the  Himalaya! 
area  during  a  pre-tertiary  period  is  just  as  likely  to  have  been  accompanied  wit! 
hypogene  granitic  invasion  of  deep-seated  rocks  below  the  surface,  as  the  snbse 
quent  period  of  special  disturbances  which  took  place  during  the  tertiary  period 

Whilst  therefore  I  hold  that  the  invasion  of  silurian  rocks  by  gneissose  gra 
nite  was  connected  with  the  elevation  and  formation  of  the  Himalayas,  and  thin] 
it  probable  that,  in  the  Dalhousie  area,  the  eruption  of  the  gneissose-granite  tool 
place  at  the  close  of  the  eocene,  or  early  in  the  miocene  period ;  at  the  sam. 
time,  I  do  not  see  that  we  need  necessarily  associate  the  eruption  of  all  th 
gneissose  granite  of  the  North- West  Himalayas,  or  indeed  any  of  ii^  witZ 
the  latest  phase  of  the  special  disturbances  which  began  in  post-eocene  times. 
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N<f^^  o»  the   Otology  of  Jaunsar  awl  the  Lower  Himalayas,  by  R.  D.  Oldham, 

Oeological  Survey  of  India.     (With  a  map.) 

1,  The  last  season's  work  in  the  Himalayas  having  shown  that  the  series  as 

adopted  ever  since  the  publication  of  Mr.  Medlicott's  Memoir  on  the  Lower 

Himalayas  '  requires  some  modification  and  extension  to  make  it  applicable  to 

pax^ons  of  the  Lower  Himalayas  lying  outside  of  the  Simla  section,  it  has  been 

tkonght  advisable  to  publish  a  short  note  showing  the  results  of  the  resumed 

gorrey  as  far  as  it  has  gone ;  but  while  confining  myself  as  far  as  possible  to  what 

may  be  said  to  be  definitely  proved,  it  will  be  impossible  to  steer  clear  of  other 

points  still  doubtful,  and  these,  which  I  shall  distinguish  to  the  best  of  my 

ability,  must  be  taken  with  every  necessary  reservation. 

2.  One  of  the  chief  difficulties  when  starting  work  in  Jaunsar,  a  district  chosen 

chiefly  on  account  of  the  fact  that  large  scale  maps  were  obtainable,  lay  in  the 

fact  that,  with  the  exception  of  a  great  limestone  series  reasonably  identified  with 

the  Erol,  no  representative  of  any  of  the  sub-divisions  established  on  the  Simla 

section  was  to  be  recognised. 

.  3.  The  oldest  formation  here,  which  I  shall  provisionally  call  the  Chakrata  series, 
oonaists  of  grey  slates  and  quartzites,  underlaid  by  a  band  of  limestone  general- 
ly some  300  or  400  feet  thick,  which  is  again  underlaid  by  a  great  series  of 
ilstes  and  quartzites  marked  by  the  prevalence  of  red  and  mottled  beds.  The 
pnncipal  exposures  of  the  limestone  lie  in  a  zone  running  about  east  and  west, 
sod  passing  immediately  to  the  south  of  the  station  of  Chakrata ;  to  the  north 
of  this  zone  the  hills  are  formed  of  the  underlying  red  Chakrata  slates  and 
qnartzitesy  while  to  the  south  the  upper  grey  slates  are  exposed,  notwithstanding 
^  prevailing  northerly  dip  of  the  beds.  This  is  but  part  of  the  great  Hima- 
layaa  puzzle,  that  newer  beds  almost  always  seem  to  dip  under  older,  that  faults 
>ie  generally  reversed,  and  that  the  dip  of  the  beds  in  their  neighbourhood  is 
Fecisely  the  reverse  of  what  would  be  expected  on  d  priori  grounds.  The  total 
thickness  of  these  beds  is  indeterminable,  partly  on  account  of  their  intense  dis- 
^bance,  and  partly  from  the  fact  that  neither  their  base  nor  summit  has  been 
"^^  but  it  must  amount  to  many  thousands  of  feet. 

4.  In  northern  Jaunsar  there  is  another  exposure  of  the  same  beds  intersected 
V  a  great  fault  which,  first  appearing  from  underneath  the  Deoban  limestone  near 
^  village  of  Konain,  runs  north-westwards  to  Mudhaui,  on  the  west  of  the  Tons, 
**^  which  I  shall  refer  to  as  the  Konain-Mudhaul  fault. 

5.  To  the  east  of  this  fault  there  is  exposed  a  great  thickness  of  grej  slates  and 
^^Urtzites,  over  which  comes  a  band  of  blue  limestone  300  to  400  feet  thick, 
^ikd  over  this  white  and  coloured  quartzites  with  interbedded  red  and  grey 
®**ite8 ;  and  near  Kanda,  what  appear  to  be  contemporaneous,  but  may  be  intrusive, 
"^ds  of  trap,  overlaid  by  greenish  slates,  which  last  are  covered  unconformably  by 
^o  Deoban  limestone.  Among  the  quartzites  there  is,  near  Kanda^  a  band  of 
^^^^c^^fse  quartzite  conglomerate  about  8  feet  in  thickness,  which  has  been  marked 

1   Mem.  G.  S.  I.,  Vol.  Ill,  pt.  2. 
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on  the  map  illustrating  Colonel  McMahon's  paper  ^   as  Blaini ;  bat  the 
ciated  beds  and  the  absence  of  the  characteristic  limestone  seem  to  render  fell 
impossible. 

6.  To  the  west  of  the  fault  the  section  as  seen  on  the  ascent  from  Ann'  to  Bani 
is  first  -white  quartzites  with  interbedded  green  and  grej  slates,  overlaid  by  greexi 
iemd  grey  slates  without  quartzites  and  these  again  are  capped  at  Ghajar  (Chilar)  hf 
a  small  patch  of  blue  limestone,  which  can  hardly  be  anything  but  the  same  thst  iff 
exposed  near  Kanda,  and  which  I  correlate  with  the  Ghakrata  bed.  The  only  other 
thing  it  could  well  be  is  the  Deoban,  but  though  on  the  upthrow  side  of  the 
Konain-Mudhaul  fault  so  far  as  it  afEects  the  Deoban  limestone,  it  is  at  a  lower 
elevation  than  the  base  of  the  latter  as  exposed  above  Banu  on  the  eastern  or 
downthrow  side. 

7.  Here,  whether  the  limestone  bnnd  be  identified  with  the  Chflkkrata  bed  or  no, 
there  seems  to  be  an  inversion  on  one  side  or  other  of  the  fault,  probably  to  the  easti 
and  it  is  evident  that  the  fault  must  have  a  throw  sufficient  to  bring  the  same  bed 
on  either  side  of  the  fold  to  about  the  same  level ;  it  is  at  present  impossible  to  saj 
for  certain  which  is  the  up  and  which  is  the  down  throw  side,  nor  to  determina 
even  approximately,  the  throw  of  the  fault,  but  it  must  certainly  be  measured  bj 
thousands  of  feet. 

8.  In  several  parts  of  Jaunsar  volcanic  beds  are  exposed  in  the  Ghakrata  series ; 
to  the  east  of  Ghakrata,  in  the  valleys  of  the  Kutnu  and  Mord  gadhs  (stream),  then 
are  several  beds  of  volcanic  breccia  and  ash  lying  both  above  and  below  a  thid 
band  of  blue  limestone  identifiable  with  great  probability  as  the  Ghakrata  band 
near  Lauri  the  same  limestone  again  crops  out  and  is  once  more  associated  witi 
the  volcanic  beds,  which  are  abo  seen  in  the  valley  of  the  Ghungadh. 

9.  In  the  Tons  below  Anu  there  are  exposures  of  a  brown  ferruginous  ani 
dolomitic  limestone,  passing  into  crystalline  ankerite  in  places,  which  I  have  coo 
jecturally  correlated,  notwithstanding  its  lithological  difference,  with  the  Chakrati 
limestone.  The  volcanic  beds  associated  with  it  are  here  far  more  extensivel; 
developed  than  I  have  seen  elsewhere  in  Jaunsar  and  I  consider  that  the  peculia 
nature  of  the  rock  is  due  to  a  contemporaneoas  admixture  of  volcanic  detritn 
a  supposition  which  is  supported  by  the  facts  that  the  southeramost  of  the  exposure 
as  it  is  traced  eastwards  becomes  less  and  less  ferruginous,  till  near  its  disf^pea] 
ance  it  is  in  parts  a  blue  limestone  little  if  at  all  more  impure  than  the  nonm 
Ghakrata  limestone,  and  that  on  the  western  side  of  the  Tons  valley  above  An 
there  is  an  exposure  of  presumably  the  same  band  which,  while  being  in  parti 
bluish-grey  limestone,  is  also  in  parts  extremely  ferruginous.  The  facts  just  men 
tioned  seem  to  point  to  a  centre  of  volcanic  energy  shortly  to  the  west  or  soutib 
west  of  the  confluence  of  the  Binalgadh  with  the  Tons,  while  the  volcanic  bed 
of  eastern  Jaunsar  were  very  possibly  derived  from  a  vent  in  what  is  now  Tir 
Garhwal. 

*  Rec  G.  8.,  Vol.  X.,  204.    [This  outcrop  was  mapped  by  me,  not  by  Colonel  McMahoD^ 
only  crossed  the  ground  once,  when  marching  with  Dr*  Oldhaoi  from  Mussooree  to  Simla 
I860.— H.  B.M.] 

'  Misprinted  JDnu  in  the  map. 
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10.  This  zone  of  volcanic  beds  promises  to  be  a  horizon  of  great  value  in  tracing 
out  the  geology  of  the  Lower  Himalayas,  and  it  may  not  be  out  of  place  to  indicate 
the  probability  of  their  being  contemporaneous  with  the  Silurian  volcanic  rocks 
of  Ewhmip  and  the  North- West  Himalayas.  At  the  same  time  I  must  point  out 
that  it  is  not  absolutely  certain  that  they  are  of  the  same  age  as  the  Chakrata 
limestone  ;  for  although  the  limestone  with  which  they  are  associated  occurs  in 
a  similar  position  to,  and  is  most  probably  the  same  as,  the  Chakrata  bed,  yet  it 
must  not  be  forgotten  that  in  the  typical  area  no  associated  volcanic,  beds  were 
Been. 

11.  Overlying  the  Chakrata  series  comes  a  great  thickness  of  limestones  and 

dolomites  so  similar  to  the  Krol  series  as  to  be  almost  certainly  contemporaneous 

with  it,  but  which,   as  its  relation  to  the  underlying  beds  is  very  different  to 

what  has  been  described  on  the  Simla  section,  I  shall  provisionally  call  the 

Deoban  limestone.     Lithologically  it  consists  of  a  great  thickness  of  bluish-grey 

bedded  limestones,  some  of  the  beds,  as  on  the  ascent  to  Deoban  from  Chakrata, 

containing  many  nodules  of  chert ;  others  which  are  generally  mephitic  have  a 

peculiar  pisolitic  structure,  being  composed  of  small  round  black  nodules  cemented 

by  a  white  calcareous  matrix :    a  peculiar  structure  seen  in  some  of  the  beds 

makes  them  resemble  an  accumulation  of  some  closely-chambered  shells  imbedded 

m  a  matrix  of  calcareous  mud,  and  so  orgfimic  looking  that  it  is  diflBcult  to 

believe  that  they  are  not  obscured  fossils.     A  very  considerable  proportion  of  the 

beds  is  in  some  of  the  sections  dolomitic,  varying  from  a  slightly  magnesian 

^^estone  to  a  pure  pale-grey  crystalline  dolomite.     Interstratified  with  these 

calcareous  beds  is  a  varying  proportion  of  slaty  beds,  occasionally  coloured,  but  as 

*  i^le  grey. 

12.  This  series  is  quite  unconformable  to  the  underlying  Chakrata  beds,  as  is 
P'X>ved  by  its  unconformably  overlapping  or  overstepping  their  eroded  edges.  This 
^  veiy  well  seen  near  Konain,  where  the  Deoban  lies  on  the  Chakrata  limestone 
^hile  as  the  boundary  is  traced  to  the  west  it  is  seen  to  rest  successively  on  a 
flocally)  descending  series  of  slates  ;  the  unconformity  is  further  indicated  by  the 
^^y  in  which  the  limestone  rests,  above  Kanda,  on  the  eroded  edges  of  the  presum- 
*^ly  inverted  Chakratas,  and  by  the  fact  that  the  Konain-Mudhaul  fault  which, 
*^  above  explained,  has  a  throw  of  some  thousands  of  feet  in  the  older  rocks,  has, 
'^here  it  cuts  the  Deoban  limestone,  a  throw  of  a  few  hundreds  at  most,  this 
"^^ing  due  to  a  later  movement  along  the  original  fracture ;  it  would  serve  no 
^^seful  purpose  to  describe  every  junction  of  the  two  series,  as  the  same  facts  are 
©veiyij^here  to  be  seen. 

13.  It  is  evident  that  this  is  very  different  to  what  has  been  described  on  the 
"icila  section,*  and  there  are  but  three  possible  explanations — Ist,  that  the  Deoban 
*^^  Krol  limestones  are  not  contemporaneous ;  2ndy  that  the  junction  on  the  Simla 
^®ction  is  only  apparently  and  locally  conformable  ;  3ri,  that  the  Chakrata  series 
*®  older  than  the  Simla  slates  and  underlies  them  unconformably.  The  first 
"opposition  may,  I  think,  be  dismissed ;  the  second  I  I'egard  as  very  probable,  the 
^^    sudden  variations  in  the  thickness  of  the  Krol  quartzite  pointing  to  a 

^  H.  B.  Medlicott :  Mem.  Q.  S.  I.,  Vol  IIL,  patiiiH,  and  Manual,  pp.  &94.609. 
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is  aHdfifas  KggllTiiBiiiiiBi  ;  As  durd  ii  afaoip 
«Me :  fans  if  die  vqieaiue  beiiB  of  Thiiiimi  sdb  ebmIj  of  npper-slBziaat age»  thera 
iuwUj'  rnooL  far  d*  wiiois  <if  dK  giqaBnf*  becvesL  tibsK  ixpper.«iIiiz»Bs  aad  ^ 
/'flC  iasmc;  m'ltnw'r  Krai  Ixamcoiia^  Ac  pwMt  *utfcrwiit  fiKta  se  noi  ai  b 
^wrgmm^  M  gntty^  xb*  Ga  wf  wkick  of  die  iJKaer  cva  kjpo^eaes  onj  pEore  oorvo 
ims  cW  yii!Mkta  dspcads  v«rf  ameh  on.  die  na&De  aBfiaanMut  of  thm  distefr 
aaee<)l  die  Chaicntiig  ancerftar  Gd  die  ^eposcdoiL  of  dfte  D^obui.  inKstooe.  Tk 
mvenuMHA  as  K^mrfii  amj  b«ve  beea  &  pozelj  lacml  fe«girre>  die  Cbmkrmlift  1imb§ 
been  daewiiere  cnmperacryely  naiiacirbed  ic  she  dme  of  depixhunft  of  the 
l^infi—  fm  tBes  caw  die  jeeood  fgppnMdiiR  nej  be  cocreB^  aed  die  CUkrdi 
bede  «cdwr  fepmeBUSs¥eft  o£,  or  fixnza^  pen  of  &  fuiegumbfa  aeqeenee  in,  tb 
roda  htkom  d»  Kml ;  bos  if  is  dioaid  ^IsimmuLj  pco^e  to  be  nerelj  pert  si  i 
wideepveed  cbesarfeftoce.  die  fikird  ajposben  ebne  rpmehw  pnadble 

14.  Abeyve  die  Deobea  ixxaestooe  eooees  e  series  of  beds  Bosdj  eongloaeiidc 
fins  idestified  by  me  ie  die  seii^kboarboQd  of  sbe  iJ*-~»**-K  fnreiS  bw^galov 
stfter  wbieb  I  propose  to  caJI  diein,  ss  sbj  rsse  proTiaioiieHj.  They  oonsisi  o 
eiMm^OBMrstes  obosUj  widi  s  slesj  malrtx  diroagk  wbidi  pebbles  of  qosrtsii 
sisse  or  Emtasose  sre  scsncred,  duv^  some  sad  in  soadiem  JaaiiBar  di 
maijpntf  oi  die  beds  sre  bos  eongloiBamdc  at  all,  odim  are  oolomed  slates  an 
aatike  iadorated  dinenrSy  and  odiers  again  are  calcareous ;  of  die  latter^  some  si 
fiae-gpraiiied  limestones,  odters,  tbongb  diis  I  bare  onlj  seen  i^ar  to  Mandbafi,  sr 
Hmestone  eooglomersses  Cfifipmied  br  a  liun'iuone  matrix.  Tbe  preaenoe  of  tbn 
pebUes  derired  from  tbe  anderijing  Deoban  Emestone  is  saScient  to  stamp  tb 
beds  containing  tbem  as  nnoonfarmable  to  it.  In  aootbem  Jannsar,  in  ai^^ijttff 
to  tbe  limestone  congiomerate  witb  sbUj  matrix,  wbicb  is  not  fonnd  in  efrer 
ezposnre,  tbe  cbaracteristic  rock  is  a  quartz  grit  containing  fragments  of  indm 
ated  red  sbUe  derired  from  tbe  lower  Cbakrata  beds. 

15.  The  hideM  of  tbe  IfandbaJis  is  essentiaUj  littoral,  or  shallow  water,  as  i 
UM^6ed  to  by  tbeir  coarseness  of  grain,  while  tbe  conglomerates  witb  a  slat 
matrix,  so  similar  to  those  of  Blaini  age,  conld  not  bare  been  formed  except  tbrongi 
the  agencj  of  floating  ice ;  but  it  is  not  a  little  remarkable  that,  notwithstaadi]^ 
their  eridend J  shallow  water  origin,  there  is  hardlj  an  exposure  wbicb  does  nc 
exhibit  one  or  more  beds  of  pure  limestone :  this  association  of  littcval  beds  wit 
Hmestone  is  weU  seen  on  the  cart  road  to  the  north  of  Kalsi ;  where  a  thick  bam 
of  limestone  is  bounded  on  both  sides  by  ooarse-giained  quartz  grits. 

16.  Outside  of  Jaunsar  I  have  detected  tbese  same  beds,  to  the  east  in  great  foro 
near  Naini  Tal  and  Bhim  Tal,  and  to  the  west,  in  the  Giri  valley,  I  saw  in  188! 
some  eongiomerates,  which  at  the  time  puzzled  me  not  a  litde,  but  wbicb  I  canno 
now  hesitate  to  refer  to  Mandhali  age. 

17.  As  regards  the  homotaxy  of  the  Mandhalis,  they  are  later  than  the  Deobac 
and  are  evidently  of  earlier  date  than  the  main  disturbance  of  the  Himalaya' 
rocks;  so  much  so  that  in  the  limestone  area  of  northern  Jaunsar,  the  smib. 
patches  that  have  been  left  owe  their  preservation  entirely  to  having  been  caugb 
up  in  the  folds  and  faultings  of  the  limestone,  and  in  this  way  preserved  froa 
denudation.  They  consequently  occupy  a  position  analogous  to  that  of  tb 
Birmurs  to  the  northwest,  and  at  first  one  would  be  inclined  to  correlate  the:! 
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with  the  last-oamed  rocks  and  assign  to  them  an  early  tertiary  age.  However, 
ti»  fact  that  nununulitics  of  normal  type  are  to  be  found  near  Rikhi  Khes  in  Garh- 
wal  ^  taken  in  conjunction  with  the  extent  of  the  Mandhalis,  is  against  this  sup- 
position, which,  too,  it  is  impossible  to  reconcile  with  the  finding  of  characteristic 
Mandhalis  in  the  Giri  valley,  within  a  few  miles  of  the  boundary  of  the  Sirmurs, 
in  which  no  similar  rock  is  to  be  seen.  They  must  therefore  be  of  pre-ter- 
tiaiy  age,  for  there  is  no  room  in  the  sequence  for  them  to  come  dfter  the 
SinnurR. 

18.  Above  the  Mandhalis  are  two  series  of  rocks,  of  which,  as  they  occupy 
totally  distinct  areas,  it  is  impossible  to  say  which  is  the  older.  Of  these  one  is  the 
Nahan ;  but  as  it  occupies  a  very  small  area  in  the  extreme  south  of  Jaunsar, 
indas  it  presents  no  peculiarities,  it  may  be  dismissed  without  further  notice. 

19.  The  other  series  merits  attention,  as  it  presents  an  unsolved  and  apparently 

muolveable  problem.     In  north-eastern  Jaunsar,  occupying  a  considerable  tract 

of  country  is  a  series  of  fine-grained  glassy  quartzites  with  in  terbedded  schists, 

•ome  of  the  beds  containing  granules  of  blue  quartz,  which  in  the  Tons  descend 

to  the  level  of  the  river,  but  southwards  merely  cap  the  ridges ;  they  lie  almost 

undisturbed  and  nearly  horizontal  on  the  eroded  edges  of  the  intensely  disturbed 

plder  rocks,  and  are  evidently  far  newer  than  any  of  the  other  formations  in 

Northern  Jaunsar,  or  Bawar  as  it  is  locally  called ;  yet,  though  so  much  newer  and 

^  much  less  disturbed^  the  rocks  are  far  more  metamorphosed  than  those  of  the 

oMer  series,  the  siliceous  beds  being  everywhere  converted  into  glassy  quartzites, 

*od  the  argillaceous  bands  being,  in  Bawar,  uniformly  schistose,  while  across  the 

-'Oxis,  in  Garhwal,  they  occasionally  become  almost  gneissose.     I  propose  to  call 

**^  the  Bawar  senes. 

20.  As  the  Bawars  are  evidently  of  much  later  date  than  the  main  disturbance 
®'  the  rocks,  which  in  the  Simla  section  has  been  shown  to  be  of  post-eocene  date, 
ttt^y  would  seem  to  be  referable  to  a  middle  or  upper  tertiary  age ;  but  it  is  diffi- 
*^t  to  suppose  that  rocks  so  metamorphosed  can  be  contemporaneous  with  the 
**^ti  sandstones  of  the  lower  or  the  loose  shingles  of  the  upper  Siwaliks,  and  besides 
^^re  are  very  strong  reasons  for  believing  that  even  in  Nahan  times  the  Hima- 
^•^Ba  existed  as  an  elevated  tract  subject  to  denudation ;  nor  is  there  any  simi- 
'•»i^ty  between  the  Bawar  and  Nahan  rocks  even  where  the  latter  have  been 
^^tamorphosed  by  igneous  intrusions.  It  is  however  possible  that  these  Bawars 
^«ty  be  of  lacustrine  origin  and  contemporaneous  with  the  Nabans, — a  supposition 
*^pported  to  some  extent  by  the  extremely  small  development  of  the  Nahans  at 
^H^  debouchure  of  the  Tons  and  Jamna  rivers,  and  by  the  fact  that  the  Bawars  so 
&nc  grained  to  the  south  of  the  Tons  become  near  their  summit,  in  Garhwal, 
^^^^^rsely  conglomeratic.  When  more  information  has  been  collected,  these  difficul- 
^e«  may  doubtless  be  cleared  up,  but  the  improbability  of  ever  finding  any  fossils 
*^  these  rocks  is  a  serious  hindrance. 

21.  The  glacial  epoch  has  left  its  traces  in  Jaunsar,  though  I  know  of  no  traces 
^*  actual  glaciers  to  the  east  of  the  Tons.  Above  Kistur  there  are  what  might  at 
tti^t   sight  be  taken  for  terminal  moraines,  but   a  more   detailed  examination 

1  Mem.  G.  S.  T.,  ITT,  pt.  2.  p.  90;  and  Manual,  p.  535. 
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banishes  the  idea ;  the  only  deposits  that  can  be  referred  to  this  epoch  are 
high-level  gravels  to  be  seen  in  most  of  the  valleys  but  most  distinctly  in 
of  the  Seligadh  where,  as  can  be  seen  from  the  Ghakrata  and  Mnssoorie  r 
they  form  broad  gently-sloping  terraces  on  the  valley  sides ;  the  slope  of 
surface  is  more  rapid  than  that  of  the  present  bed  of  the  streami,  being 
800  feet  above  the  latter  at  Makhata  while  near  the  junction  with  the  Jn 
the  difference  in  level  does  not  exceed  100  feet ;  in  the  small  lateral  val 
the  slope  rapidly  increases,  so  that  sometimes  the  gravel  deposits  run  almost  n 
the  crest  of  the  water-shed.  These  gravels  have  been  formed  since  the  Seli  vt 
was  cut  down  to  its  present  depth,  as  is  shown  by  their  extending  in  places  r 
down  to  the  present  level  of  the  stream ;  they  could  not  have  been  formed  iu 
existing  circumstances,  for  apart  from  the  angularity  of  the  fragments  of  w 
they  are  composed  and  the  slope  of  their  surface  the  peculiar  parabaloidal  c 
of  the  surface  up  the  lateral  valleys  is  totally  different  to  what  is  now  1 
formed  anywhere  in  the  lower-Himalayas,  but  could  only  have  originated  i 
the  balance  of  disintegration  and  precipitation  was  very  different  to  what  is 
the  case ;  disintegration  must  then  have  been  so  rapid  that  the  streams  conic 
dispose  of  the  debris  which  was  shed  from  the  hill  slopes,  the  valley  ¥raa  o 
quently  filled  by  a  deposit  whose  surface  had  a  comparatively  gentle  slope  in 
main  valley  where  the  volume  of  the  stream  was  greater,  while  in  the  li 
valleys,  where  the  amount  of  debris  was  comparatively  greater,  the  slop 
creased  till  it  reached  the  angle  of  repose.  It  is  needless  to  expatiate  on 
fact  that  this  increased  disintegration  can  under  the  circumstances  onl; 
attributed  to  a  more  rigorous  climate,  frost  being  the  great  disintegrator  in ' 
latitudes. 


Notes  on  a  Traverse  throur/h  the  Eastern  Khasia,  Jaintia,  and  North  Cachar  ! 

by  Tom.  D.  LaTouche,  b.a.,  Oeological  Survey  of  India, 

The  object  of  my  season's  work  was  to  search  for  coal  and  iron  within  i 
of  the  proposed  line  of  railway  from  Silchar  to  the  Brahmaputra  valley  thr 
the  North  Cachar  hills.  From  what  was  already  known  of  the  gpround  (1 
G.  S.,  Vol.  rV.,  pt.  3,  1865)  there  seemed  to  be  little  or  no  prospect  of  sue 
and  so  it  has  turned  out. 

Arriving  at  Cherra  Poonjee  about  the  middle  of  December,  I  spent  a  few 
in  examining  the  area  mapped  by  Mr.  Medlicott  in  1871  (Mem.  G.  S.,  Vol. '' 
p.  151)  so  as  to  familiarise  myself  with  the  rocks  in  it.  I  then  marched  a 
the  Jaintia  hills  to  the  North  Cachar  hills,  visiting  the  coal-field  of  LakiM 
on  the  way. 

1.  Lailanghot  to  Jawai. — Leaving  the  village  of  Lailangkot,  which  is  sitt 
on  the  boundary  of  the  Shillong  series  and  the  granite  area  of  Molim,  by  the 
road  to  Jawai,  Shillong  quartzites  and  granite  are  passed  over  alternately  fo: 
first  5  miles,  there  being  three  exposures  of  granite  extending  across  the 
to  the  south-west,  and  probably  connected  with  the  main  area  to  the  north, 
quartzites  are  vortical,  or  dip  at  very  high  angles  with  a  general  strike 
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north-east  to  south-west.  The  last  exposure  of  granite  is  ahont  1  mile  to  the 
south-west  of  Bableng  hill.  This  hill  consists  of  Shillong  rocks,  which  extend 
without  a  break  to  the  Mantedu  at  Jawai,  the  strike  being  generally  between 
north  and  north-east  but  bending  round  to  east-north-east  between  the  Mangat 
(the  boundary  of  the  Jaintia  hills)  and  the  Mantedu.  In  this  direction  also  the 
rocks  become  more  schistose,  several  beds  of  fine-grained  hornblende  schist  occur- 
ring in  the  valley  of  the  Umthungpha,  about  1  mile  above  its  junction  with  the 
Mantedu.  At  the  top  of  the  hill  to  the  east  of  the  Mangat,  near  the  village  of 
Simunting,  is  a  small  outlier  of  cretaceous  rocks. 

Beneath  the  village  of  Jawai  the  schists  and  quartzites  are  capped  by  patches 
of  cretaceous  conglomerates,  forming  low  hills  in  and  about  the  villages ;  the 
bedding  in  these  is  horizontal. 

S.  Jawai  to  Lakadong, — Turning  south  from  Jawai  along  the  Jaintiapur  road, 
Shillong  rocks  extend  to  the  summit  of  the  hill  south  of  the  Mantedu,  where  they 
are  capped  by  fine  cretaceous  sandstones  forming  low  scarped  hills  on  either  side 
of  the  road.  Near  the  5th  milestone  from  Jawai  the  border  of  a  small  area  of 
granite  is  passed  on  the  right-hand  side  of  the  road,  extending  to  the  south-west. 
The  road  then  runs  round  the  south  flank  of  a  hill  of  cretaceous  sandstones  to 
the  Mankajai,  in  the  valley  of  which  a  broad  dyke  of  trap  occurs.  This  is  a 
coarsely  crystalline,  dark-coloured  rock  with  a  rather  metallic  lustre  and  weather- 
ing red,  and  is  entirely  composed  of  augite  and  titaniferous  iron.  Cretaceous 
sandstone  again  appears  in  the  scarp  to  the  south  of  this  valley,  coarse  at 
the  base  and  becoming  finer  towards  the  top.  These  rocks  continue  to  and 
beyond  Jarain,  forming  an  undulating  plateau  with  slight  inclination  to  the 
south. 

At  Jarain  coal  occurs  in  these  rocks,  and  has  been  worked  to  a  small  extent 

to  supply  the  dak  bungalows  here  and  at  Jawai.     A  seam 

crops  out  on  both  sides  of  a  gully  close  to  a  small  bridge 

on  the  road  to  the  south-east  of  the  village,  and  is  about  3  feet  thick,  overlaid  by 

about  12  feet  of  hard,  fine-grained  sandstone.     It  has  the  usual  characteristics 

of  the   cretaceous  coal  of  these  hills.     Another  outcrop   occurs   at  about  1^ 

miles  to  the  north-east  of  the  village  and  1  mile  from  the  road,  in  a  small 

stream  running  into,  the   IJm  Pliang,  a  tributary  of  the  Mantedu.     The  seam 

is  well  exposed,  the  stream  flowing  over  it  in  a  low  fall.     It  is  3  feet  6  inches 

thick,    with    fine-grained   sandstone    above    and    below.      This    coal    contains 

%  good  deal  of  pyrites  in  small  nests,  and  at  the  base  of  the  seam  the  rock  is 

severed  with  a  net- work  of  this  mineral,  so  that  the  coal  would  be  of  very  little 

tralne. 

Turning  ofE  to  the  south-east  from  the  Jaintiapur  road  in  the  direction  of 
Lakadong,  the  path  passes  by  Amlittshor  village  over  the  plateau  of  cretaceous 
rocks  deeply  indented  on  either  side  by  tributaries  of  the  Mantedu  until  the 
gorge  of  this  river  is  reached.  This  gorge  is  here  about  1,000  feet  deep»^  The 
cretaceous  rocks  extend  on  both  sides  of  the  gorge  to  about  300  feet  from  the  top 

'  Unfortanately  my  aneroid  was  out  of  order,  so  that  I  was  anable  to  measure  exactly  the 
ieptb  of  the  gorges  crossed  in  this  part  of  the  hilhi. 
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and  rest  directly  upon  metamorpliic  rocks,  wliich  extend  on  both  sides  to  the 
bottom.  These  rocks  are  similar  to  the  metamorphics  found  on  the  north  slope 
of  the  hills. 

From  the  top  on  the  opposite  side  an  undulating  plateau  of  cretaceous  rocks 
extends  for  about  4  miles  to  the  village  of  Shushen,  which  is  situated  on  the 
edge  of  the  gorge  of  the  Lauriang,  about  3  miles  above  its  junction  with  the 
Mantedu.  Cretaceous  rocks  extend  to  a  few  hundred  feet  from  the  top  on 
this  gorge  also,  resting  on  metamorphics^  and  appear  at  the  same  level  on  the 
opposite  side  beneath  the  village  of  Batao.  These  rocks  extend  to  the  hiU  on 
which  Lakadong  stands,  about  half  way  up  which  nummulitic  limestone  occurs, 
overlaid  by  sandstone  with  coal. 

The  coal  workings  here  appear  to  be  in  much  the  sanie  state  now  as  at  the 

time  of  Dr.  Oldham's  visit  in  1853  (Sel.  Beo.  Ben.  Gbvt, 
No.  XIII.,  p.  45),  as  since  then  very  little  coal  has  been 
extracted.  The  different  holes  have  been  driven  into  the  coal  as  far  as  is  possible 
witliout  having  to  support  the  roof  with  timber,  and  the  expense  of  this,  together 
with  the  increased  cost  of  labour  and  of  carriage  to  the  plains,  in  30  years,  would 
probably  prevent  the  coal  being  worked  with  profit  at  the  present  time.  The 
headman  of  the  village  told  me  that  500  maunds  had  been  extracted  last  year, 
and  sent  down  to  the  plains,  but  he  could  not  tell  me  what  the  oost  of  extraoibn 
and  carriage  was. 

B.  Lakadong  to  Nokhara. — To  the  north  of  Lakadong  on  the  path  to  Umniaiaiig 
cretaceous  rocks  forming  low  scarped  hills  extend  to  the  gorge  of  the  Saicnampay 
about  half  way  down  which  metamorphic  rocks  appear  and  a  similar  section  ift. 
seen  on  the  opposite  bank.    The  lowest  cretaceous  beds  here  are  ferruginous  sand^ 

clays.     Close  to  IJmrasiang  village  I  observed  a  circular  pit,  with  perpendiculai 

sides  in  the  sandstones,  50  or  60  feet  deep,  and  as  many  in  diameter,  probably  di 
to  the  washing  away  of  the  clays  beneath  through  a  fissure  and  the  consequent 

&lling  in  of   the  sandstones  above.     The  cretaceous  rocks  continue  to  a  hi! 1 

about  2  miles  east  of  IJmrasiang,  near  the  top  of  which  nummulitic  lii 
stone  forms  a  steep  scarp  to  the  north.  This  hill  is  flat-topped,  consisting 
sandstones  similar    to    those   at     Lakadong,  but    without    any  traces  of 

till  near  the  village  of  Nokhara,  where  there  is  a  seam  1   foot  thick  restiii mmg 

on  carbonaceous  shale,  but  of  no  great  extent.     To  the  south  the  groun^^Bd 
falls  gradually  to  the  edge  of  the  streams  running  into  the  Lubah,  where  limi 
stone  again  appears.    In  many  places  near  Nokhara  J  noticed  large 
shaped  hollows,  80  or  40  feet  deep,  caused  by  underground  denudation  of 
limestone. 

4,  Nokhara  to  Kampai, — Proceeding  to  the  north  from  Nokhara  on 
path  to  Satunga  after  descending  the  limestone  scarps  to  the  north,  a 
outlier  of  limestone  is  passed  near  the  village  of  Umluper.  To  the  north  of 
the  plateau  is  much  more  broken  than  to  the  west  as  far  as  the  Laterkap  rii 
in  the  gorge  of  which  metamorphic  rocks  occur  again.  Near  the  village  ^ 
Nongtoma  (not  marked  on  the  map,  but  about  2  miles  to  the  south  of  t--J^® 
Laterkap)  I  passed  a  funnel-shaped  hollow  similar  to  those  at  Nokhara, 
could  not  find  any  limestone  below  it.     To  the  north  of  the  Laterkap  cretaceo 
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extend  without  a  break  to  Satnnga,  where  tbej  contain  a  seam  of  coal. 
C2W  at  SatoDinL  ^*®  outcrop  is  seen  at  the  head  of  a  small  ravine  to  the 

north  of  the  village.    A  vertical  section,  in  descending 
^^'^3er,  is  as  follows : — 

Ft.  In. 

Sandstone  iind  shale,  Bbout 20 

Corf  .         .        .        .        . 19 

Shale,  oarbonareons  at  top,  less  so  towards  the  bottom       •         •         •        •      6 

86    9 

The  hill  side  slopes  rapidly  upwards  from  the  top  of  the  section. 
Two  outliers  of  nummuiitic  limestone  occur  a  short  distance  to  the  west  of 
Satonga.  To  the  east  the  ground  slopes  downwards  for  about  4  miles  to  the 
Tillage  of  Kampat,  which  lies  at  the  foot  of  a  well-defined  ridge  running  north 
and  south.  The  lower  300  feet  of  this  are  nummuiitic  limestone,  with  a  slight  dip 
io  the  east,  resting  on  a  wavy  surface  of  cretaceous  rocks,  and  extending  to  north 
and  south  as  far  as  one  can  see. 

Thia  is  capped  by  upper  tertiary  sandstones  resting  on  the  limestones,  and 

ertending  to  the  top  of  the  ridge  500  feet  above  Eampat.    These  rocks,  though 

they  occupy  the  same  position  with  regard  to  the  limestone  as  the  coal-bearing 

locks  of  Lakadong  and  Nokhara,  do  not  contain  any  traces  of  that  mineral,  nor  is  it 

found  further  to  the  east.     They  are  fine-grained,  highly  ferruginous  sandstones, 

the  lower  beds  containing  numerous  grains  of  pisolitic  iron  ore.     The  sandstones 

rest  conformably  on  the  limestone,  though  in  places  there  are  local  unconformities, 

due  to  underground  denudation  of  the  limestone.    According  to  Colonel  Godwin- 

Auaten  these  rocks  contain  numerous  minute  fossils.     From  the  top  the  ridge 

ia  seen  to  bend  round  to  the  north-east,  striking  for  the  Kopili.     A  vertical 

section  of  the  ridge  is  as  follows,  in  descending  order  :^- 

1, 4  ]  Fine-grained  feimginons  sandstones,  with  a  little  pisolitic  iron 
J^'^C  J        ore  near  the  base,  abont 200 

^  ^  ^Massive  limestone,  becoming shaly  and  earthy  towards    Ft. 

^  I  ^         the  top,  abont 70 

g  g  j  Massive  limestone,  shalj  and  earthy  at  top        .         .  160 
2^;:?  f  Thin  bedded  earthy  limestone  •         •         •         .70 

300 

600 

On  the  eastern  side  of  the  ridge  limestone  is  met  with  again  at  about  230  feet 
from  the  base,  and  continues  to  the  level  of  the  valley  in  which  Nonklir  stands. 
This  is  a  flat,  alluvial  plain  about  2  nules  broad  at  this  part.  l<V)m  the  top  of 
the  ridge  the  limestone  is  seen  to  form  a  fringe  at  the  base  of  the  hills  surround- 
ing the  valley,  extending  to  the  south  as  far  as  the  base  of  Jakorsing  hill,  the 
boundary  between  the  limestone  and  upper  tertiaries  being  easily  traced,  as  the 
former  is  covered  with  thick  tree  jungle  while  the  sandstones  above  are  nearly 
bare  of  trees  and  covered  with  grass. 
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The  limestone  visible  at  the  base  of  the  ridge  to  the  east  of  Noc 
reduced  to  130  feet  in  thickness,  and  is  succeeded  by  upper  tertiaiy  sandsto 
shales  rising  to  550  feet  above  the  valley.  In  the  next  valley  to  the  east  Hi 
does  not  appear,  nor  is  it  again  found  anywhere  to  the  east. 

5.  Kampat  to  the  Hot  Springs  on  the  Kopili. — Following  the  limeatcyne 
north  from  Kampat,  it  is  found  to  occupy  nearly  the  whole  of  the  space  1 
the  Elharkor  and  Kopili  rivers,  cretaceous  rocks  forming  a  fringe  at  the 
the  limestone  scarp.  It  is  capped  by  upper  tertiary  sandstones  benei 
village  of  Pala,  which  is  situated  on 'a  spur  of  Pomlana  3,754  feet  above  m 
To  the  west  of  the  £[harkor  are  numerous  scarped  outliers  of  limesti 
laigest  overlooking  a  level  plain  of  cretaceous  rocks  to  the  north  of  Munch 
This  plain  extends  to  the  foot  of  a  lofty  ridge  of  metamorphic  rocks  (on  wl 
village  of  Khaushinong  stands)  running  north-east  to  the  KopilL  Th( 
morphics  cross  the  Kopili  about  1  nule  north  of  the  hot  springs  and  f( 
ridge  running  east  and  west,  called  Khandong  hilL  The  Kopili  forms  a  sm 
of  very  fine  falls  and  rapids  over  these  rocks. 

The  nummulitio  limestone  crosses  the  Kopili  to  the  north  of  IJmkerpo 
bends  round  to  the  east  parallel  with  the  metamorphics  of  Elhandong  1 
extends  to  the  east  as  far  as  the  flanks  of  Phulong  hill,  but  it  does  not 
in  the  valley  of  the  Diyong  still  further  to  the  east. 

The  valley  between  it  and  the  metamorphics  is  occupied  by  cretaoeou 
except  at  the  hot  springs,  where  a  small  area  of  limestones  has  been  let  d 
faults  among  the  cretaceous  beds. 

6.  The  hot  springs, — ^The  following  notice  of  the  hot  springs  is  given 
Oldham's  catalogue  of  the  thermal  springs  of  India  (M.  G.  S.,  Vol.  XL 
p.  54): 

"  Kopili.— Latitude  25°  31' ;  Longitude  92°  4^ ;  Temperature  122°. 

*'  On  the  right  bank  of  the  Kopili,  three  days'  journey  from  Silchar,  ( 
a  half  day's  journey  from  Jawai.     The  water  is  not  saline  but  only  hot. 
Returns. — Captain  (now  Lieutenant-Colonel)  Godwin- Austen,  however,  s] 
of  the  spring  in  a  private  letter,  says  it  is  strongly  saline." 

The  distances  given  above  are  not  quite  accurate  as  the  spring  is  i 
seven  days'  journey  from  Silchar  and  two  from  Jawai.  There  are  three  sprinj 
in  transverse  gullies  on  either  side  of  a  stream  running  west  into  the  Kop 
about  100  yards  from  the  latter.  Of  these  the  one  to  the  south  is  consi> 
larger  than  the  other  two.  Its  temperature  I  found  to  be  128°.  The  wa 
not  the  slightest  saline  taste,  or  indeed  a  taste  of  any  kind,  rather  resi 
distilled  water.  The  temperature  of  the  two  small  springs  to  the  north  wi 
and  this  water  also  was  perfectly  tasteless.  All  these  springs  lie  on  the 
boundary  between  the  cretaceous  and  nummulitic  rocks.  The  stones  ovei 
the  water  runs  are  covered  with  a  very  thin  white  deposit,  probably  cal< 
That  this  deposit  is  not  thicker,  is  probably  due  to  the  fact  that  the  Kopili 
the  rains  rises  several  feet  above  the  level  of  the  springs,  and  so  washes  i 

7.  Upper  Tert varies  of  the  North  Oachar  Hills. — Beyond  the  limestom 
to  the  south-east  of  the  hot  springs  upper  tertiary  rocks  extend  in  an  ui 
mass  to  the  Barail  raDge  above  Asaln.     As  far  as  the  police  outpost  of  G 
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tiiese  rocks  are  horizontal,  or  nearly  so,  consisting  of  fine-grained  sandstones  and 
ilialeB.    It  is  in  the  valley  of  the  Mahar,  to  the  east  of  Ghinjong,  that  the  change 
from  the  generally  undistnrbed  condition  of  the  newer  i*ocks  on  the  Shillong 
plateau  takes  place,  the  upper  tertiary  rocks  to  the  east  being  everywhere  greatly 
dotnrbed.     The  transition  does  not  take  place  so  abruptly  as  on  the  southern 
edge  of  the  plateau,  where  the  newer  rocks  are  bent  down  suddenly  in  a  uniclinal 
cure  into  the  area  of  disturbance ;  but  it  is  well  marked,  the  rocks  at  Gunjong 
hxmg  a  slight  inclination  to  the  east,  while  in  the  Mahur  valley  they  are  sharp- 
ly contorted  and  at  Quilong  on  the  opposite  side  are  nearly  vertical.     The  bound- 
aij  between  the  disturbed  and  undisturbed  sweeps  round  to  the  west,    along  the 
Jatinga  and  Lubah  valleys,  until  it  coincides  with  the  east  and  west  strike  of  the 
edge  of  the  Shillong  plateau. 

In  these  beds,  in  the  Mahur  valley,  I  found  a  few  insignificant  strings  of 
eod,  but  no  where  did  I  come  across  any  workable  quantity . 

Before  leaving  Calcutta  in  November  I  had  heard  that  there  were  consider- 
able deposits  of  limestone  near  the  outpost  of  Quilong,  and 
yoi  ong  imefl     e.         -^Jiiie  there  I  went  in  search  of  them.     They  are  situated 
on  a  small  stream  running  into  the  Langtiug,  to  the  north-east  of  Quilong,  and 
about  1,500  feet  below  it.     The  rocks  here  are  shales  dipping  at  20°  to  nprth- 
Bortb-west,  and  the  stream  has  deposited  a  bed  of  calcareous  tufa  on  the  upturned 
^dges  of  the  shales.     This  limestone  is  from  1  to  2  feet  thick  where   thickest, 
and  is  of  small  extent.   A  small  quantity  was  burnt  on  the  spot  several  years   ago 
'^en  the  outpost  at  Asalu  was  being  built,   and  the  remains  of  it,  which  are 
^  used  to  supply  Quilong  and  Gunjong  with  whitewash,  are  to  be  seen  in  the 
Jiuigle  close  by.    Similar  deposits  also  occur  in  the  valleys  near  Gunjong,  but 
i^one  has  been  burnt  there. 

The  natives  on  the  northern  border  of  these  hills  informed  me  that  in  former 
-  times  they  used  to  extract  iron  from  a  highly  ferruginous 

drift  which  is  found  in  most  of  the  hill  streams.     But 
**ie  manufacture  of  it  has  entirely  died  out,  and  at  Walsalai  a  large  Kuki  village 
^  "the  east  of  the  Dirjung,  I  found  them  making  implements  with  iron  brought 
^m  Calcutta. 

The  iron  ore  deposits  are  very  scattered,    and  would  probably  not  repay 
^y^^tematic  working. 

^^  Native  Lead  fram  Maulmain,  and  Chromite  from  the  Andaman  Islands  ;  by 
F.  B,  Mallet,  Deputy  Superintendent,  Oeological  Survey  of  India. 

Native  lead, — Amongst  a  number  of  ores  from  the  neighbourhood    of  Maul- 

^*^^in,  in  Burma,  lately  sent  to  the  Geological  Survey  Ofiice  by  Mr.  G.  H.  Law, 

^  one  of  a  somewhat  unusual  character.     It  is   a  carbonate  of  lead,  breaking 

^''^th  a  rather  largely  facetted  crystalline  fracture,  and  having  a  bright  red  colour 

^"^e,  apparently,  to  an  intimate  admixture  of  minium.     The  mineral  contains  small 

^^Tities  lined  by  minute  white  crystals  of  ordinary  cerussite,  and  some  of  the 

^^vities  are  partly  filled  with  metallic  lead.     The  above-mentioned  substance  has 

^^  appearance  of  a  natural  product,   but  the  precaution  was  taken  of  writing 
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ta  Mr,  hmm  on  dh»  pains*  and  m  vtf^  W  itit—  thai  it  is  ''  n^tanl  ind  vA 

of  m<B  oecuBODoe^  its  diBooveij  in  a 


tt>^h0ftl»fa^  axD^  thai  the  native  mdalliM 
lit  lus  iMen  foand  abo  in  the  Haiirib<|^ 
of  GimsA  Sigpnr.^ 

.Dvrxn^  the  |kubl*4  ouMth  a  block  of  ore  waa  to  be  Bent  to  the  G6a> 
kifkai  Sixz^ejOdla,  foreiaBixnadanffnanthe  Officiating  Chief  ConimiaBioMroi 
Aft  AmianiOT  Md  Xicobar  Idlfladi.  Mr.  M.  Y .  Poctman*  Sztim  Aasirtant  Sups' 
mwmUmm^  whoYsmdthe  pbcewhero  it  waa  found,  wxxtea :  *«Abont  100  jarii 
iflnsh  of  the  TiQaae  of  ChacfcEfgaoB.  €■  ^he  bank  of  a  small  stream,  was  a  mw 
4f  ove  ahoos  9  mehea  thi^  and  4  feet  long.  It  was  ^fing  on  the  anrfaoe  of  Ab 
gmond.  On  leoKmngit^  and  digging  Toond  and  nnderneath  it,  the  rock  a{^6tfBd 
to  be  a  coane  mndnane  stronglj  unpicgnated  with  iron.  No  more  ore  was  fovri 
on  die  spot,  tkongh  it  again  appears  in  two  phoes  farther  down  the  yaUej  ia 
eunaiderable  qnantitj,  sereral  hnndrcdwei^t  hnving  been  brought  in.  On 
of  the  rocks  within  a  radins  of  300  yards,  I  found  grannkr  aad 
kighij  cfTStalEne  hmestone,  intersected  bj  Tiews  of  cakaipar  in  some  instueei 
4  ladhes  thick,  diorite,  porphjritic  tnp,  and  coane  fermginons  sandstoM." 
QrnekergaoB,  the  Tillage  mentioned,  appears  to  be  dose  to  Port  BUur. 

The  ore  proTed  on  examination  to  be  chromite.  As  this  mineral  is  lUnaDf 
loond  in  serpentine,  and  serpentine  is  known  to  occnr  in  the  neighboiiriiood(rf 
Port  Blair,  there  is  a  strong  probability  that  the  Andamanese  chromite isao 
exception  to  the  general  role.  "  Serpentine  and  gabbro  are  found  largely  deve- 
loped south  of  Port  Blair  and  on  Rutland  Island,  and  are  doubtless  intmsTa 
A  *' micro-crystalline  syenite"  was  noticed  in  one  locality  by  Mr.  Earn;  iiii 
donbtlees  a  form  of  the  dioritio  rock  found  locally  associated  with  the  serpeBtos 
in  Pegu.'  "  It  will  have  been  remarked  that  Mr.  Portman  observed  diorite^  A&t 
dose  to  the  place  where  the  chromite  was  found. 

As  chrome  iron  ore  (chromite),  of  average  quality,  is  worth  about  £10  ft  tn 
in  England,  the  Port  Blair  mineral,  if  obtainable  in  considerable  quantitiai^  is 
well  worth  attention.  

Notice  of  a  Fiery  Eruption  from  one  of  the  Mud  Volcanoes  of  Cheduba  Uaodt 

The  following  correspondence  respecting  an  eruption  from  one  of  the  Chedths 
mud  volcanoes  is  published  in  continuation  of  similar  records* : — 

F.  B.  Malut. 

IVdhi  Captain  F.  D.  Raikss,  Deputy  Oommitnoner,  Kjfimh  Pktfoa^  to  ike  Commin^^ 

of  Arakdn,  Akyab,  dated  Kyauh  Pkyoo,  2nd  May  1883. 

I  have  the  honour  to  forward  a  free  translation  of  a  letter  received  from  the  Myooks  <» 
Chedoba,  in  which  he  reports  that  the  volcano  in  the  Minbyin  (^rde  of  hia  Towinhipl*^ 

*  Records,  G.  S.  L,  Vol.  VII.  p.  36. 

*  W.  T.  BUmfoid,  Maonsl  of  the  Qeolngj  of  India,  pnrt  2,  p.  733. 

*  tfmpfxi,  Vol.  XI,  p.  188;  XII,  70;  XIU,  806;  XIV,  196;  XV,  UL 
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Dfef  tiie  23id  March  lart.  The  Myooke's  report  ie  dated  SSrd  April,  and  waa 
I  jeeterday.  I  am  aboat  to  start  for  Chedaba,  and  should  anything  new  regard- 
mo  be  ascertained,  a  farther  report  on  the  subject  will  be  submitted. 

re  Tbau  Oo,  Myo*tle  of  Ckeduba,  to  the  Deputy  Chmmieeioner,  ^femi  Pkyoo. 

report  that  having  been  informed  that  there  was  an  eruption  of  the  volcano  in 
ti  Circle  of  this  Township  on  the  2drd  March  last,  I  sent  the  following 
Moung  Wine,  Tazawoot  Gk>nug  of  Minbyin,  for  answer.  His  answers  are  given 
I  question  :— 

Question.  Anetter. 

roption  burst  out  violently  P  ...  )The  eruption  was  sudden  and  violent,  gnu 

radoal  P  ...J      dually  subsiding. 

height  did  the  flames  rise  P  ...     About  900  feet  (eie)» 

•  tiie  cironmf  erence  of  the  flame  P    About  460  feet. 

j;  did  the  eruption  last  P  ...    About  9  minutes. 

iamiBB  give  out  any  smell  P  ...    Tee,  that  of  earth  oiL 

e  much  smoke  P  ...     Little  smoke  in  comparison  with  the  flame. 

i  alone  thrown  out P  ...    Mud  and  gravel,  no  other  mineral. 


NOTIOI. 

ion  from  wells  in  tHe  North- Western  Provinces  and  Ondh,  by  Captain 
UBBORN,  B.S.G.,  ExecttUve  Engineevy  on  Special  Dutyy  Department  of 
DtUtwre  and  Oommerce,  N,'W,  P.  and  Oudh.  In  the  Professiooal  Papers 
idian  Engineering,  3rd  series,  Vol.  I,  p.  103,  Boorkee,  1883. 

n  the  visible  and  measurable  elements  of  the  investigation  undertaken 
I  Olibbom,  the  method  adopted  seems  to  have  been  thorough,  and  the 
ained  must  be  of  great  and  permanent  practical  service.  "By  the  adop. 
unit  of  work,  with  values  determined  by  careful  experiment,  he  has 
comparable  form  a  chaos  of  information  upon  the  subject  in  hand 
mce  to  the  depths  and  capacities  of  wells  and  the  processes  of  '  lift '  in 
las  moreover  applied  his  method  over  an  immense  field  of  observation,, 
right  across  the  Gangetio  plains  from  the  terai  on  the  north  to  the 
scarp  on  the  sonth,  and  some  250  miles  broad  between  Agra  and 
The  sound  facts  thus  accumulated  must  indeed  be  accepted  as  a  main 
m  to  the  question  in  view ;  but  there  are  considerations  of  fundamental 
n  of  collateral  importance  regarding  the  distribution  and  the  supply  of 
lable,  upon  which  much  light  might  have  been  expected  from  such  a 
3bservation,  and  upon  which  the  remarks  ofEered  by  Captain  Clibbom 
ly  defective  but  misleading ;  because,  no  doubt,  the  facts  concerned  are 
risible  or  measurable.  This  branch  of  the  subject  has  come  within  the 
)  of  the  Geological  Survey,  so  that  some  notice  of  the  matter  is  here 

question  of  artesian  sources  in  the  plains  of  India  has  been  discussed  at 
^h  in  these  Records  (Vol.  XIV,  page  223,  ei  «eg.),  and  the  probability 
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of  their  occurrence  asserted.  In  the  paper  under  notice.  Captain  Clibbom  profesac 

to  show  that  artesian  action  is  quite  incompatible  with  the  strata  of  the  Doa] 

It  is  necessary  to  quote  two  paragraphs  to  make  the  position  clear  :-* 

"22.  LMTing  oat  of  the  question  for  the  present  weUs  which  reoeiTe  a  rapply  finmi  pore 
lation,  we  will  consider  the  case  of  whst  are  osoallj  termed  spring  ((om)  wdls,  which  dioald  1 
sank  so  as  to  have  the  end  or  lower  ring  firmlj  imbedded  in  the  moUt  (lajer  of  day),  tharet 
(if  a  masonry  well)  shntting  oat  from  direct  entiy  all  water  overlying  it  Now  the  geoeral 
adopted  theory  regarding  the  nse  of  the  mota  for  water  snpply  is  that  it  acts  as  an  arten 
basin,  and  that  the  snpply  entering  the  well  through  an  orifice  which  is  bored  in  the  da 
is  a  veritable  spring,  caused  by  the  pressure  of  water  from  the  collecting  area  of  the  basin. 

"  23.  The  facts  which  are  alleged  to  support  this  theory  are  fini^  that  until  the  mota  i 
reached,  the  water-supply  is  easily  exhausted.  This  is  contradicted  by  experiaooe.  Swemdl^ 
that  when  the  hole  is  bored  into  the  mota  a  copious  supply  enters  the  well,  often  canaiiig  daagi 
to  the  workmen  if  they  do  not  escape  quickly,  and  sometimes  rising  above  the  month.  Bnl  tl 
artesian  theory  pre-supposes  the  comparative  continmty  of  the  mota,  which  is  at  TariaDee  wit 
the  universal  testimony  of  cultivators,  and  the  facts  alleged  are  easily  explained  on  other  grouadi 
inde  paras.  26—30.  It  will  also  be  shown  that  artesian  action  is  quite  inoompatibla  with  tha  ilnl 
of  the  Doab." 

3.  This  last  sentence  is  a  general  proposition,  and  would  properly  be  taken  t 
include  the  whole  formation  concerned.  We  are  by  no  means  sure  that  Captaii 
Clibbom  does  not  intend  it  in  this  sense,  for  the  strata  at  greater  depths  are  n« 
doubt  of  the  same  pattern  as  those  exposed ;  but  as  the  facts  immediately  quotai 
(paras.  24-25)  regarding  the  contour  of  the  sub-soil  water  (although  they  sr 
somewhat  irrelative  to  the  immediate  question)  can  only  refer  to  the  gionn 
above  the  level  of  the  rivers,  and  as  no  direct  allusion  is  made  to  deeper  artosia 
springs,  we  may  restrict  the  discussion  to  the  narrower  issue ;  and  upon  this  it  : 
not  difficult  to  show  that  Captain  Clibbom  does  not  seem  to  understand  the  neec 
f  ul  conditions  of  evidence  or  of  argument.  We  are  by  no  means  concerned  1 
prove  that  the  &o)t»- wells  are  artesian ;  only,  if  the  facts  asserted  of  them  az 
correct^  they  are  essentially  of  that  nature. 

4>.  The  first  fact  refuted  by  Captain  Clibbom,  in  his  paragraph  23  just  quoted 
may  be  said  to  be  irrelative ;  but  even  upon  the  theory  he  himself  adopts  i 
is  not  easy  to  see  how  experience  can  contradict  that  a  deeper  well,  tapping 
a  larger  segment  of  the  same  water  basin,  is  less  easily  exhausted  than 
a  shallower  one.  For  the  '  alleged  fact '  of  the  water  rising  above  ike 
surface  Captain  Clibbom  would  have  done  well  to  introduce  the  plain  contradic- 
tioD  argument,  as  it  would  be  impossible  to  explain  it  otherwise  than  as  artesim  « 
and  we  need  hardly  say  that  no  attempt  is  made  to  do  so.  For  the  remainin^T 
and  essential  point,  that  water  does  rise  from  below  the  clay,  Captain  Clibbom 
adopts  a  double  course,  to  vitiate  the  opposite  view  and  to  offer  a  simplo^ 
explanation ;  but  in  both  lines  of  argument  he  begs  the  point  at  issue. 

5.  It  may  well  be  true  that  the  clay  band  is  not  everywhere  continuous ;  bat  i^ 
is  altogether  too  dry  a  statement  to  say  that  the  artesian  theory  pre-supposes  ihi^ 
continuity,  though  such  an  impression  would  readily  be  conveyed  by  the  ordiotf7 
text-book  exposition  of  artesian  conditions,  dealing  with  strongly-marked  exampl^^ 
Partial  artesian  action  is  always  possible  when  percolation  along  the  planes  of 
bedding  is  much  more  easy  than  across  them,  and  this  seems  to  be  a  gene^ 
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cliaracter  of  stratification  independently  of  any  visible  impervious  beds.  In 
anticipation  of  objections  such  as  this,  when  the  proposal  for  artesian  borings 
in  Upper  India  were  first  brought  forward  (in  1867),  instances  were  quoted 
showing  the  compatibility  of  artesian  springs  with  great  irregularities  (want  of 
oontiniiity)  of  the  deposits  (Selections,  Government  of  India,  Home  Department, 
1^0.  GLXXVIII,  p.  48.  1881.)  This  condition  then,  as  framed  by  Captain 
Cfibbom,  is  artificial. 

6.  The  first  item  in  the  housewife's  receipt  for  hare  soup,  beginning  with  the  in- 
junction to  catch  your  hare,  is  of  equal  importance  in  discussion — to  fix  your  fact 
before  beginning  to  talk  about  it.     When   the  5am-wells  were  quoted    as  an 
Apparent  instance  of  partial  artesian  action,  it  was  assumed    that    the  engineer 
who  described  the  phenomenon  was  aware  of  the  fact   that  if  a  tube  with  a 
diaphragm  over  the    end   be  depressed  into  water  the  fluid   will  rise   to   the 
nme  level  inside  when    the  diaphragm  is  pierced ;  also,  that  in   bringing  the 
&ct  of  the  well  to  notice  he  was  satisfied  it  was  not  an   instance  of  this  familiar 
experience,  that  in  fact  the  waters  above  and  below  the  clay   did  not  stand  at 
the  same  level,  and  were  distinct,  of  which  indeed  he  did  give  strong  independent 
endence  in  the  wholly  different  nature  of  the  water  above  and  below  the  clay, 
nd  this   is  really  the  essential  question   at  issue — whether   or  not  the   two 
miter  strata  are  distinct.     It  appears  however  that  Captain   Clibbom  has  an 
equally  implicit  conviction  on  the  other  side,  for  he  decides  the  point  with 
i simple  assertion  (paragraph  27),  "the  head  is  the  difference  of  level  between 
&  water  inside  and  outside  the  well;"  and  he  seems  to  think  that  the  only 
evidence  needed  on  this  score  is  to  show  how  the  water  would  perform  the  pas- 
■ge,  the  fact  of    free  communication    between  the  water  tables  having  been 
ununed.    This  is  the  *  explanation  on  other  grounds,*  for  which  wo  were  referred  to 
peragraphs  26 — 30.    It  is  introduced  as  *  a  theory,  advanced  by  Mr.  J.  S.  Beresford, 
Executive  Engineer,  Irrigation  Department,'  and  consists  of  an  exposition,  with 
^  aid  of  numerous  diagrams,  how   when  sand  is  forced  up  with  the  water 
from  below  through   a  hole  in   the   bed  of  clay,  a  hollow  must  be  formed 
^  the  place  vacated  by  the  sand,  and  further  how  in  passing  from  the  upper  to 
^ke  lower  stratum  the  water  will  obey  the  laws  of  mechanics.     It  is  all  quite 
fceautiful  in  its  simplicity,  not  excepting  the  omission  of  the  one  thing  needful, 
even  as  a  blank  assertion,  that  the  natural  water  levels  of  the  two  strata  are 
Wnstantly  one  and  the  same.     Upon  this  crucial  point  (which  would  have  set 
^  whole  matter  at  rest)  one  would  think  Captain  Clibborn  might  have  picked 
ttp  some  information  during  his  extensive  exploration,  either  by  direct  observa- 
tion (not  a  very  difficult  matter),   or  *  from  the  universal  testimony  of  the  cul- 
tivators ;'  without  it  his  *  theory  '  is  all  in  the  air. 

7.  This  question  of  the  artesian  character  of  the  bom- wells  is  a  trivial  matter 
^  itself,  having  little  or  no  bearing  upon  the  existence  of  deep  artesian  springs, 
•Jid  it  would  hardly  have  deserved  notice  here  but  that  the  essential  feature  of 
i*-*the  independence  of  the  water  tables— is  of  much  practical  importance  on 
■eyeral  counts,  and  has  received  notice  in  these  pages  (Vol.  Xni,  p.  273)  in 
^^^'^^ectioxi  with  the  reh  scourge.  In  that  discussion,  in  which  the  Irrigation 
department  is  deeply  implicated,  the  more  or  less  complete  and  permanent  sepa- 
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ration  over  very  large  areas  of  the  paraaitio  water  (as  the  French  call  it)  of  the 
snb-soil  and  the  deeper  ground  water,  has  passed  without  challenge  as  an  admittec 
fact,  presumably  on  the  experience  of  the  engineers  and  the  universal  testimonj 
of  the  cultivators ;  and  one  might  have  thought  that  the  investigation  of  the  range 
of  such  conditions  would  have  been  an  express  object  of  Captain  Clibbom*8  re- 
searches.  It  is  clear  that  this  fact  (if  it  be  one)  of  the  lower  water  being  sweet 
while  the  upper  is  saline,  would  afEord  an  independent  and  sufficient  proof  of  tiu 
separation  of  the  water  tables  and  of  the  so  far  artesian  nature  of  any  rise  of  watei 
from  below  the  clay ;  but  it  is  not  included  in  the  facts  bearing  on  this  poini 
noticed  by  Captain  Clibbom,  though  it  certainly  has  been  alleged  in  that  connec- 
tion. This  might  be  an  oversight;  but  it  is  not  intelligible  how  such  a  &ct  (oi 
statement,  if  it  be  not  a  fact)  can  have  escaped  prominent  mention  in  oonnection 
with  the  investigation  under  notice,  which  included  extensive  tracts  of  tA 
land;  yet  it  is  not  even  alluded  to.  Can  Captain  Clibbom  have  found  it  out 
to  be  a  popular  delusion  ?  His  explanation  of  the  bom- well  performance  would 
certainly  imply  that  it  is  not  a  fact. 

8.  That  the  notion  of  the  extensive  occurrence  of  an  impure  sub-soil  watei 
permanently  separated  by  clay  beds  from  the  ground  water  is  not  quite  exploded 
may  be  gathered  from  an  excellent  Report  on  Beh  Swamp  and  Drainage,  by 
Mr.  E.  E.  Oliver,  in  the  same  number  of  the  Professional  Papers,  where  quotib 
tion  is  made  (p.  9)  of  a  description  of  such  conditions  in  connection  with  nl 
land.  The  same  is  described  from  actual  observation  over  a  largo  part  of  th< 
Doab  in  an  early  notice  of  the  bom-we\lB  in  the  '  Correspondence  relating  t 
the  deterioration  of  lands '  (Selections,  Government  of  India,  P.  W.  D. 
No.  XLII,  1864,  p.  94). 

9.  Having  mentioned  Mr.  Oliver's  paper,  we  may  venture  to  notice  what  migfa 
be  thought  a  slight  confusion  in  the  presentation  of  the  theoretical  aspect  of  tfa 
question,  in  Sections  IV,  Chemical  composition  and  analysis,  and  V,  Physical  theoru 
advanced  ;  and  confusion  on  this  side  is  at  the  bottom  of  most  practical  mistaka) 
leading  often  to  incalculable  waste  of  effort  and  of  money.  It  is  rather  under  ib 
latter  of  the  above  sections  that  one  would  look  for  an  account  of  the  origi 
of  reh,  yet  the  only  explicit  statement  on  this  most  important  point  appeal 
casually  in  the  opening  sentence  of  Section  lY,  and  the  hints  given  of  it  i 
Section  V  are  extremely  obscure.  The  simple  performance  which  results  in 
crop  of  reh  scarcely  deserves  to  be  condemned  under  that  much  abused  wor 
'  theory,'  it  is  so  obvious  when  witnessed.  Though  unacquainted  with  tli 
word  'capillarity,'  any  cultivator  probably  has  a  sound  proximate  notion  < 
the  reh  crop,  how  it  is  connected  with  poisonous  sub-soil  water  which  the  sn 
sucks  up  leaving  the  reh  on  the  surface ;  he  knows  well  too  that  the  bad  wat< 
would  not  be  there  if  it  could  get  away,  and  what  prevents  it.  So  far  Geneti 
Strachey's  *  physical  theory,'  which  Mr.  Oliver  quotes  with  approbation,  cotJ 
not  well  help  being  *  lucid' ;  but  it  professed  to  be  "  quite  sufficient  to  accoui 
for  the  whole  thing  "  (Selections,  l,c.  p.  57),  and  as  such  it  is  probably  the  mO 
hazy  thing  (  enei^al  Strachey  ever  wrote.  Even  the  few  sentences  quoted  I 
Mr.  Oliver  are  rendered  mischievous  by  the  false  conception  they  imply  regar< 
ing  the  origin  (or  no  origin)    of  the  reh — that  these  salts  are  in   the  soil  9^ 
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baye  been  tbere  always,  having  come  with  the  silt  from  the  monntains.  He  even 
goes  oat  of  his  waj  to  make  the  question  occult  bj  the  interference  of  se8p:*egation, 
as  in  the  production  of  flints  in  the  chalk,  saying ''  so  too  it  seems  highly  probable 
that  from  some  physical  cause  the  sulphate  of  soda,  &c.,  have  accumulated  in 
eertain  places  on  the  alluvial  deposits  of  Upper  India."  Yet  this  was  written  in 
18a 

10.  In  conclusion  we  may  point  out  a  slight  misconception  where  Mr.  Oliver 
ootices  (p.  10)  an  apparent  contradiction  or  qualification  of  opinion  as  expressed 
in  the  following  quotations  from  Mr.  Medlicott*s  reports — "  As  far  as  the  facts 
before  me  are  a  guide,  I  am  inclined  to  the  opinion  that  the  canal  water  is 
ike  chief  source  of  the  salt.  I  am  now  speaking  of  the  lands  newly  affected  " 
(1S62)  ;  and  **  that  the  reh  scourge  existed  widely  before  the  canals  were  thought 
of,  and  this  reh  constitutes  immensely  the  greater  part  of  what  has  now  to  be  dealt 
tDiih*^  (1878).  In  the  first  place,  the  two  statements  pointedly  refer  to  different 
gronnd,  new  and  old  reh  land ;  but  even  if  they  referred  to  the  same  area  the 
statements  are  not  logically  comparable  and  might  have  been  written  consecutively 
•t  either  period  without  discrepancy,  for  they  explicitly  refer  to  different  things, 
one  to  the  stock  of  reh  in  hand,  the  other  to  the  source  of  reh.  A  man  might 
sorely  have  little  cash  in  his  pockets  though  having  a  large  income,  or  vice  versd. 
As  a  general  statement,  however,  the  first  one  was  somewhat  misleading, 
sltbongh  in  some  land  the  possible  sources  of  fresh  reh  would  certainly  be 
less  than  in  the  irrigation  water.  The  exaggeration  of  the  partial  statement  was 
provoked  by  the  dogma  then  universally  accepted  that  the  canal  water  acted 
solely  as  a  vehicle. 

H.  B.  Medlicott. 


DONATIONS  TO  THE  MUSEUM. 

Donors, 
wite,  from  near  Masuri. 

Dr.  H.  Wahth. 

^p  and  trap  road  metal,  from  Rajmalifl. 

Thb  RajmahXl  Stone  Co. 

^**1,  from  Sanctoria  Colliery. 

The  Bengal  Coal  Co. 

*ca  from  HazAribagh  District. 

Messrs.  A.  R.  McIntosh  &  Co. 

^THtes,  with  magnetite,  in  quartz,  from  Simla. 

Executive  Ekgikbbe,  Simla. 

'"'^Xiuite,  with  psilomelane,  from  Barha,  Bala^^bat  District. 

COLOKEL  A.  BlOOMFIELD,  DePUTT  CoMMISSIONEB,  BlLAGHAT. 

^^%^ice  (one  specimen  with  barnacles  a(tached),  picked  up  at  sea  1,000  miles  from  Java  on 
1st  September. 

Capt.  Mays,  Ship  Cleomene, 
^«riee  of  American  and  other  minerals. 

Dr.  J.  W.  Mallet. 
^*^"*X)nuc  iron  from.  Port  Blair. 

Chief  Commissioner,  Andaman  and  Nicobak  Islands^ 
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Graphite,  from  NedooveDj|^ad»  Travanoore. 

Tsitjlhdrum  MirwcTi. 

Paving  setts  of  Bombay  trap,  Dalbeattie  g^ranite,  and  Barfl[ar  saadtUme. 

Calcutta  Tbamwits  ^^• 

Casts  of  Phanerotinui  crUtatuM,  Archmoeidaru  karUana^  PaliBekimus  apkeriemM,  Pem^^ 

phyllum  adarente, 

Tbihitt  Collbob,  Dublin,  through  Pbof.  Y.  Bi^^ 


ADDITIONS  TO  THE  LIBRARY. 

Fbom  IsT  July  to  30th  Sbftbmbbb  1883. 

Titles  of  Books, 

Bbonn's — Elassen  und  Ordnnngen  des  Thier-Reichn. 

Band  V,  Abtb.  IT,  Gliederfiisaler :  Arthropoda,  Lief.  &— 10. 

Band  VI,  Abth.  Ill,  Reptilien,  Lief.  38—40,  (1883),  8vo.,  Leiprig. 
CoMTN,  Thomas  db. — State  of  the  Philippine  Islands,  (1821),  Svo.,  London. 
DuMOMT,  J.  R.— Synoptical  Tables  of  Modem  Chemistry,  Vol.  I,  Inorganio  Chemistry,  Pi 

1  and  II,  Non -Metals,  (1883),  870.,  Oalcntta. 
DuBOCHBB,  M.  J. — Essay  on  Comparative  Petrology,  (1859),  Svo.  Pam.,  Dablin. 

H.  6.  Mbdlicott, 

Fbesbkius,  C.  R. — Quantitative  Chemical  Analysis,  7th   Edition,  translated  from  the 

German  Edition  by  A.  Vacher,  Vol.  I.  (1876),  Svo^  London. 

Fbtab,  Mabe. — A  letter  to  the  Proprietors  and  Managers  of  the  Goal  Mines  in  India,  (1809''^ 

12mo.,  Loudon. 

H.  B.  Mbdlicott, 
Hbbb  Oswald.— Flora  Fossilis  Arctica.  Vol.  VII,  (1883),  4to.  Zurich. 
Lbighton,  D.  E.  W. — The  Indian  Grold-Miniug  Industry;  its  present  condition  and  itsfntoK"^ 

prospects,  (1883),  8vo.,  Madras. 
Mojsisovics,  E.  V.  UND  Neumayb,  M. — Beitrage  zur   Palaontologie  Osterreioh-Ungars:*  • 

und  des  Orients,  Band  III,  heft  3,  (1883),  4to.  Wien. 
Mukabji,  Tbailokta  Nath. — A  Descriptive  Catalogue  of  Indian  Produce  eontribnted  "^^ 

the  Amsterdam  Exhibition,  1883,  (1883),  8vo.,  Calcutta. 

Rbt.  a  Agbi.  Dii— '*^. 

PuBVBS,  J.  C— Sur  les  Depots  Fluvio-Marins  d'Age  S^nonien,  (1883),  Svo.  pam.,  Bmxell^^B* 

Thb  Autho  ^* 

QUB58TBDT,  Fb.  Auo.— Haudbuch  der  Petrefaktenkunde,  Auflage  III,  Lief,  lajl,   (ISS^^h 

Svo.,  Tiibingen. 
Rbclus,  ElisJ^b. — ^Nouvelle  G^ographie  Universelle  la  Terre  et  les  Hommes* 

VII,  L'Asie  Orientale. 

VIII,  L*Inde  et  Llndo-Chine  (1882-83),  Svo.,  Paris. 

The  Norwegian  North  Atlantic  Expedition,   1870-1873.     Meteorology  by  H.  Mohn,  (IB^S), 

4to.,  Christian! a. 

The  Comuittbb,  N.  N.  A.  E:^'^ 

The  Oriental  Miscellany,  consisting'  of  Original  Productions  and  Translations,  Vol  I,  (173^A 

Svo.,  Calcutta. 
Todhuntbb,  J.— Spherical  Trigonometry,  4ih  Edition,  (1878),  Svo.,  London. 
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PERIODICALS,  SEBlAIiS,  Ac. 

neriflui  Journal  of  Science,  8rd  Series,  Vol.  XXUI,  Nos.  137-138 ;  XXIV,  Non.   139-144, 
XXV,  Noe.  J45-150 ;  and  XXVI,  Nob.  161-163,  (1882-83),  8vo.,  New  Haven. 

The  Editous 

n&alcoider  Phjsik  nnd  Cheroie,  Nene  Folge,  Band  XIX,  heft  4-5,  and  XX,  hefl  1, 

(1883),  870.,  Leipzig. 
Jmales  des  Mines,  S^rie  VIII,  Tome  UI.  livr.  1,  (1883),  8to.,  Paris. 

L'Admins.  DBS  Mikes. 

busies  des  Sciences  Naturelles,  6me.  S^rie,  Botanique,  Tome  XV,  Nos.  5-6,  (1883),  8vo. 

Paris. 
JiDtles  des  Sciences  Natnrelles,  6me.  S^rie,  Zoologie  et  Pal^ontologie,  Tome  XV,  No.  1, 

(1883),  SvcPsris. 
bqaIs  and  Magazine  of  Natoral  History,   5th  Series,  Vol.  XII,  Nos.  67—69,  (1883),  Sfo., 

London. 
htmm,  Nos.  2903—2915,  (1883),  4to.,  London. 
oUatter  zn  den  Annalen  der  Phjsik  nnd  ('hemic.   Band  VII,  Nos.  5—8,   (1883),  %\o^ 

Leipzig. 
Uioth^ne  Universelle.     Archives  des  Sciences  Physiques  et  Naturelles,  3me  P^riode,  VoL 

IX,  Nos  5—6,  (1883),  8vo.,  Geneve. 
Uwth^oe  Universelle  et  Revue  Suisse,  3me  P^riode,  Tome  XVIII,  No.  64,  and  XIX,. 

No.  55,  (1883),  8vo.,  Lausanne, 
teiisefaes  Centralblatt,  Band  XIV,  Nos.  10  -  13,  and  XV,  Nos.  1—6.  (1888),  8vo..  Cassel. 
emical  News,  Vol.  XLVII,  Nos.  1229—1231,  and  XLVIIl,  Nos.  1232—1241,  (1883),  4to. 

London, 
liery  Guaidian,  Vol.  XLV,  Nos.  1171—1174;  and  XLVI,  Nos.  1175—1183,  (1883),  foL 

London. 
I  Ausland,  Jahrg.    LVI,  Nos.  24—36,  (1883),  4to.,  Miinchen. 
^logical  Magazine,  New  Series,  Decade  II,  Vol.  X,  Nos.  7 — 9,  (1883),  8vo.,  London. 
II,  VoL  XXI,  Nos.  544—646;  and  XXII,  Nos.  547— 556, » (1883),  fol.,  London, 
nial  of  Science,  3rd  Series,  Vol.  V,  Nos.  114^116.  (1883),  8vo.,  London. 

Thb  Editor. 

T,  Db.  Lbopold. — Botanischer  Jahresbericht,  Jahrg.  VIII,  Abth.  I,  and  Abth.  II,  heft  I^ 

(1883),  8vo.,  Berlin. 
idon,  Edinborgh,  and  Dublin  Philosophical  Magdzine,  and  Journal  of  Science,  5th  Series^ 

Vol.  XVI,  Nos.  97—99,  (1883),  «vo.,  London, 
ling  Journal,  with  Supplement,  Vol.  LIII,  Nos.  2494—2506,  (1883),  fol,  London. 
am  Novitatos,  Nos,  11—16,  (1883).  8vo.,  Berlin. 
Jwe,  Vol.  XXVIII,  Nos.  711—723,  (1883),  4to.,  London, 
nes  Jahrbuch  fnr  Mineralog^e,  Geologic  nnd  Palaeontologie,  Jahrg.  1883,  Band  II,  heft 

1  and  2,  (1883),  8vo.,  Stuttgart 
RIiiavk's  Geographische  Mittheilungen,  Band  XXIX,  Nos.  7—8,  (1883),  4to.,  Gotha. 

„  M  Supplement  No.  72,  (18^),  4to.,  Gotha. 

^hsional  Papers  on  Indian  Engineering,  Srd  Series,  Vol.  I,  No.  2,  (1883),  flsc,  Boorkee. 

Thomason  Collsoe  of  Citil  Enoihexbiho. 

tfWy  Journal  of  Microscopical  Science,  New  Series,  Vol.  XXIII,  No.  91,  (1883),  8vo., 
London. 

^tift  fur  Naturwissonschaften,  4th  Series,  Vol.  II,  Nos.  1—2,  (1883),  8vo.,  Halle. 
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GOVERNMENT  SELECTIONS,  REPORTS,  Ac. 
Bombay.— Gazetteer  of  the  Bombay  Preeideocy,  Vols.  VII  and  XI,  (1883),  Sro.,  Bombay. 

Bombay  Gotbbhmxx^ 

„  Selections  from  the  Records  of  the  Bombay  Government,  New   Series,  Nc 

158—161,  (1883),  8vo.,  Bombay. 

Bombay  Gotxrhh 

Bbitish  Bubma.  —Sixteenth  Annual  Report  on  the  Lighthonsei  off  the  Coast  of  ^■"'*''  wm. 

Barma  for  1882-83,  (1883),  flsc.,  Rangoon. 

Chibf  Commissiovbb  of  Bbitibh  BiTBiorju 

Cbntbal  PBOTiNCBS.—Gazetteer  of  the  Central  Provinces  of  India,  2nd  Ed.,  (1870),  8v€v 

Nagpor. 

Chibf  Commissiobbb,  Cbbtbal  PBOYiHCMa 

Hydbbabad.— Report  on  the  Administration  of  toe  Hyderabad  Assigned  Districts  for 

1881-82,  (1883),  flsc,  Hyderabad. 

Rbsibbht,  Hydbbabajk 

,,  ScHLiCH,  W. — Suggestions  regarding  Forest  Administration  in  the  Hjdo^ 

abad  Assigned  1  tistricts,  (1883),  flsc.,  Calcutta. 

HOMB  DBFABTMlfr. 

India. — ^Annual  Statement  of  the  Ti*ade  and  Navigation  of  British  Indis  with  Fomgn 

Countries,  and  of  the  coasting  trade  of  the  several  Presidencies  and  ho* 
vinces  in  the  year  ending  31st  March  1883,  VoL  I,  Foreign  Trade,  (188S)^ 
4to.,  CJalcutta. 

Govt.  Pbiktiko  Ornci. 

„         Bbbbhbb,  Libut.  J.  Mbntbith. — Return  of  wrecks  and  casualties  in  Indian  wsten 

for  the  year  1882;  together  with  a  ehait 
showing  the  positions  in  which  they  oceuivA 
(1883),  flsc,  Calcutta. 

POBT  OPFlCt 

„         Government  of  India,  Civil  Budget  Estimate  for  1883-84,  (1883),  flsc,  Calcutta. 

COMPTBOLLBB  GBVXBiU 

„         List  of  Officers  in  the  Survey  Departments  on  1st  July  1883,  (1883),  flsc,  Calcntts. 

Rbv.,  and  Aobi.  D>^' 

„         Registers  of  Original  Observations  in  1882,  reduced  and  corrected,  June  to  No<re0* 
ber  1882,  (1883),  4to.,  Calcutta. 

Mbtbobolooical  Rbpobtbb,  Gott.  Of  Isifi^ 

M         Review  of  the  Accounts  of  the  Sea-borne  Foreign  Trade  of  British  India  for  tb^ 
year  Ending  31st  March  1883,  (1883),  flsc,  Simla. 

Govt.  Cbntbal  Bbanch  P»*^ 

„         ScHLiCH,  W. — Review  on  the  Forest  Administration  in  the  Several  Provinces  unoe' 
the  Government  of  India  for  the  year  1881-82,  (lh83),  flsc,  Calcutta. 

HoMB  Dbpabthbi'^' 

„         Selections  from  the  Records  of  the  Government  of  India,  Foreign  Departmes^ 
Nos.  193—194,  (1883),  8vo.,  Calcutta. 

FOBBION  OfFiC*- 
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MA])BA8.-AonQftI  Report  on  the  Saidapet  Fiunn,foi  1880.81  to  1881.82»  (1881^82),  flsj., 
Madras. 

SUFBBINTENDENT,  GOVBBNMBNT   FaBMS. 

M         Annual  Reports  of  the  Superintendent  of  Gh>yernment  Farms,  Madras,  for  1879>80 
to  1881-82,  (18S0.82),  flhc,  Madras. 

SUPBBINTBNDBNT,  QOVBBNIIBNT  FaBMS. 

H<W.  PsoTiHCBS. — Reports  on  the  Administration  of  the  Northern  India  Salt  Revenue 
Department  for  1882-83,  (1883),  flsc,  Agra. 

COMMB.,  NOBTHBBV  InDIA  SaLT  RbV. 

TRANSACTIONS,  PROCEEDINGS,  Ac,  OF  SOCIETIES,  SURVEYS,  Ac. 

AxiTBBDAM. — Jaarboek  van  het  Mijnwezen  in  Nederlandsoh  Oost-Indie,    Part  I,  (1883), 
•  8vo.,  Amsti'rdam. 

Rbvbnub  and  Aobicultubal  Dbpadtuent. 

fiiTATiA. — ^Notulen  van  het   Bataviaasoh    C^enootscbap   van  Kunsten  en  Wetenschappen. 
DeelXXI,  No.  1,  (1883),  8vo.,  Batavia. 

The  Society. 

»         Tijdschrift  voor  indische  Tsal-Land-en   Volkenkunde,  Deel   XXVIII,  Afl.  6., 
(1883),  8vo.,  Batavia. 

The  Society. 

kliuv.— Abhandlnngen  der  komg,    Preuss.  Akademie  der  Wissenschaften,  1882,  (18^3), 
4to.,  Berlin. 

Thb  Academy. 

N         Sitiungsberichte  der  konig.  Preuss.  Akademie  der  Wissenschaften,  Nos.  1  to  21, 
(1883),  8vo.,  Berlin. 

The  Academy. 

N         Zeitschrift  der   Deutschen  Geologischen  Gesellschaft,  Band  XXXV.,   heft  1-2, 
(1883),  8vo.,  Berlin. 

Thb  Society. 

BoiooNA. — Congr^s  G^ologique  International  a  Bologne.  Guide  h  V  Exposition  Gdologique 
et  Pal^iitologique,  (1881),  8vo.,  Bologne. 

The  C0NOBE88. 

n         Institut  de  G^logie  et  de  PaMontologie  a  Bologne.  Guide  aux  collections,  (1881), 
8vo.,  Bologne. 

The  Institute. 

^VBAY.— Journal  of  the  Bombay  Branch  of  the  Royal  Asiatic  Society,  Vol.  XVI,.  No.  41, 
(1883),  8vo.,  Bombay. 

The  Society, 
«iiToL. — Annual  Report  of  Bristol  Naturalists'  Society  for  the  year  ending  30th  April 
1883,  with  list  of  members,  <fec.,  (1883),  8vo.,  Bristol. 

The  Society. 
>9        Proceedings  of  the    Bristol  Naturalists'  Society,  New  Series,  Vol.  IV.,   pt.  1, 
(1883),  8vo,  Bristol. 

The  Society. 
^^Bu. — Annales  du  Mus^e  Royal  d'Histoire  Naturelle  de  Belgique,  Tome  VIII.,  pt.  4, 
with  Atlas,  (1883),  4to.  Bruxelles. 

The  Museum. 
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Bbvmsu. — ^Balkttn  da  Miu^  Royal  d'Hbloire  Natnrene  de  Bel^na^  Tome  II,  Not.  1.  ^^ 

(1883),  8to.,  Bruxeiles. 

Thb  MUSBl^X 
„        Balletin  de  la  Society  Bojale  Beige  de  G^ogimphie,  Anade  YU,  Na  2,  (18S3J, 
8vo.,  Bruxelles. 

Thb  Sociktt. 

BuDAPBST.— Foldtani  Kozlonj.  Havi  Folyoirat  Kiadja  a  Magyarhoni  Foldtani  Tinalat 

Kotet  XIII,  fiizet  1—3,  (1883),  8yo.,  Budapest. 

Thb  Innrtim, 

f,        Mittbeilnngen  ans  dem  Jahrboche  der   Eon.  Ungariachen  G^logiaohen  Anttdt 

Band  VL,  heft.  3  and  4,  (1882),  8vo.,  Budapest. 

ThxIbstituti. 

CALCUTTA.~GalcutU  Univeraitj  Calendar,  1883-84,  (1883),  Sto.,  (klcatta. 

H.  B.  H BDLicoTT,  Esq. 

^        University  of  Calcutta.    Minutes  for  the  year   1882^,  (1883),  8yo.,  Calcutta. 

H.  B.  Mbducott,  £fl^ 

„        Catalogue  of  the  Library  of  the  Indian  Museum,  (1879),  8to.,  Calcutta. 

H.  B.  MBi>ucon,EsQ. 

„        Journal  of  the  Asiatic  Society  of  Bengal,  New  Series,  YoL  LII,  Part  I,  No.  % 

(1883),  8vo.,  Calcutta. 

Thb  Sogiitt. 

„        Proceedings    of  the   Asiatic    Society     of    Bengal,  Nos.   IV— VI,  (1883»)8T0n 

Calcutta. 

THiSocim. 

M        Memoirs  of  the  Geological  Survey  of  India,  Vol,  XIX,  pt  4,  (1883),  Svo.,  Cakatti. 

GBOLO0IOAL  SUBTBT  01  IlBIi* 

M        Palseontologia  Indies,  Series  X,  Vol  IT,  pt.  6,  and  XIII,  VoL  I,  pt.  4  (bw.  2), 
(1^83),  4to.,  Calcutta. 

Gbolooical  Sitbyxt  of  IirpiA. 

M        Records  of  the  Geological    Survey    of    India,  Vol.    XVI,  pt.  3,  (18S8),  8?o.t 
Calcutta. 

Gbolooical  Subvbt  or  Iirsu. 

Cambbidob. — Proceedings  of  the  Cambridge  Philosophical  Society,  VoL  III,  pts.  1 — 8,  voi 

IV,  pU.  1—5,  (1876-83),  8vo.,  Cambridge. 

THBSoCIIfT. 

„        Transactions  of  the  Cambridge  Philosophical   Society,  Vol.  XI,  pt.  8,  XII,  ptf* 
1—3,  and  XUI,  pts.  1-2,  (1871—1882),  4to.,  Cambridge. 

ThbSocibtt. 

Gambbidob,  Ma86. — Bulletin  of  t^e  Museum  of  Comparative  Zoology,  VoL  VII,  No  9,  and  X, 

Nos.  5—6,  (1883),  8vo.«  Cambridge. 

Thb  Mitsbum  op  Comparatiyb  Zoom&t. 
CiSBBL. — Berioht  des  Vereines  fur  Naturknnde  zu  Cassel,  XXIX  and  XXX,  (iSSSf,  8ro.» 

Cassel. 

Thb  Somxrt* 

Dbhba  Dun.- Account  of  the  Operations  of  the  Great  Trigonometrical  Survey  of  IndU* 

VoL  IX,  (1883),  4to.,  Dehra  Dun. 

Surybtob-Gbkbbal  01 I5PIA- 
„  Synopsis  of  the  Results  of  the  Operations  of  the  Great  Trigonometricsl  SnrreJ 

of  India,  VoU.  XIV  to  XVI,  (1883),  4to.,  Dehra  Dun. 

Subybtob-Gbnbbal  Of  lvt>^^ 


?abt4.]  Additions  to  tie  Library.  215 

DiBDBV.— Sitsangsberiohte    und    Abhandluogen  der    NatnrwissenfcbafUicben    GeBells- 
chafb  Isia.in  Dresden,  Jahrg.  1883,  Janoar  bin  Juni,  (1888),  870.,  Dresden. 

Thb  Socibty. 

GUBOOW.— Tbe  Glasgow  University  Calendar  for  1883-84,  (1883),  870.,  Glasgow. 

Thb  Uhitbrsitt. 

Haibibbubo. — Second  Geological  Survey  of  Pennsylvania,    Report  of  Progress,  G.  6,  1881, 

(1882),  8vo.,  Harrisbnrg. 

Pbof.  J.  J.  Stbtbnson. 

LoiDov. — Joamal  of  tbe  Anthropological  Institute  of  Great  Britain  and  IreUnd,  Vol.  XII, 
No.  4,  (1883),  8vo^  London. 
n        Journal  of  the  Society  of  Arts,  Vol.  XXXI,  Nos.  1594—1607,  (1883)  8vo.,  London. 

Thb  Socibtt. 

,        Liat  of  tbe  Fellows,  ftc^  of  tbe  Zoological  Society  of  London,   corrected  up  to . 
May  1st,  1883.    (1883),  8vo.,  London. 

Thb  Socibtt. 

n         Ph)ceedings  of  tbe  Zoological  Society  of  London,  Part  lY,  1882,  and  Part  1, 
1883.    (1883),  8vo.,  London. 

Thb  Socibtt. 

n        Transactions  of  tbe  Zoological  Society  of  London,  Vol.  XI,  pt«  8,  (1883),  4to., 
London. 

Thb  Socibtt. 

»         Proceedings  of  tbe  Royal  Geograpbical  Society,  and  Monthly  Record  of  Geo- 
graphy, New  Series,  Vol.  V,  Nos.  6-7,  (1883),  8vo.,  London. 

Thb  Socibtt. 
,9        Proceeding  of  the  Royal  Institution  of  Great  Britain,  Vol.  X,  pt  1,  No.   75. 
(1883),  8vo.,    London. 

Thb  Institutb. 

HAOiAs.^Madras  Journal  of  Literature  and  Science  for  1878—1881,  (1879—62),  8vo.,  Madras. 

Litbbaht  Socibtt,  Majobas. 

^  VADUB.^Boletin  de  k  Sociedad  Geografica  de  Madrid,  Vol.  XIV,  Nos.  5-6,  (1883),  8vo., 
I                           Madrid. 

\  Thb  Socibtt. 
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the  gneissic  mass  of  Pnrgial  mountain  which  separates  Hnndes  from 
te  obstmction  encountered  from  the  nnmly  condition  of  the  people  on 
of  the  frontier  was  even  greater  than  in  previons  seasons ;  we  must  onlj 
■  sketch  survey  as  all  that  is  possible  in  that  direction  for  some  time  to 
IB  further  very  satisfactory  that  Mr.  Griesbach  has  been  able  to  link 
fith  that  of  Dr.  Stoliczka  in  his  typical  sections  of  Spiti  by  a  trip  over 
d  and  Manirang  passes.  For  some  important  horizons  he  has  satisfied 
the  identity  of  the  sections  in  Spiti  and  Hnndes,  particularly  the  occur- 
piti  of  full  representatives  of  the  lower  triassic  groups,  not  noticed  by 
'  We  have  thus  strong  evidence  for  the  presumption  already  made  that 
i*  separation  of  these  basins  is  largrely,  if  not  altogether,  a  feature  of 
B ;  an  example  on  the  largest  scale  of  the  longitudinal  waving  of  the 
ivation  which  has  been  frequently  noticed  in  the  detailed  structure  of 
itains. 

ftkht-i- Sulci  man,  Mr.  Griesbach  writes,  consists  of  the  cretaceous  sand- 
stones with  limestones  recently  described  by  Mr.  Blanford 
T.X.8ULBI.       (Memoirs,  Vol.  XX,  pt  2),  as  forming  the  crest  of  the 
range  80  miles  to  the  south. 


RECORDS 


OF 


FHE  GEOLOGICAL  SURVEY  OF  INDIA. 


I.]  1884.  [February. 


iL   BiPOBT   OF   THE   GEOLOGICAL  SUBVET  OF  IkDIA,   AND   OF   THE    GbOLOQIOAIi 

Museum,  Calcutta,  fob  the  Yeab  1883. 

le  extra  Peninsula  area. — Of  work  done  daring  the  past  season,  Mr.  Griesbacli*8 

would  be  popularly  considered  the  most  interesting,  as 
r  Oriesbach.  dealing  with  the  main  Himalayan  range  and  the  well- 

known  formations  there  displayed  on  so  grand  a  scale, 
tonately  no  matured  abstract  of  his  observations  is  yet  available,  as  Mr. 
Mch  had  to  make  all  haste  from  Tibet  late  in  October  to  join  the  expedi- 
>  the  Takht-i- Suleiman,  and  he  is  still  engaged  on  the  north-west  frontier, 
d  however  brought  his  particular  undertaking  to  its  intended  conclusion, 
I  completed  the  survey  of  the  Hundes  basin  to  its  western  limit  on  the 
of  the  gneissio  mass  of  Purgial  mountain  which  separates  Hundes  from 
The  obstruction  encountered  from  the  unruly  condition  of  the  people  on 
ides  of  the  frontier  was  even  greater  than  in  previous  seasons ;  we  must  only 
thiB  sketch  survey  as  all  that  is  possible  in  that  direction  for  some  time  to 
It  IB  further  very  satisfactory  that  Mr.  Griesbach  has  been  able  to  link 
rk  with  that  of  Dr.  Stoliczka  in  his  typical  sections  of  Spiti  by  a  trip  over 
labeh  and  Manirang  passes.     For  some  important  horizons  he  has  satisfied 
f .  of  the  identity  of  the  sections  in  Spiti  and  Hundes,  particularly  the  occur- 
n  Spiti  of  full  representatives  of  the  lower  triassic  groups,  not  noticed  by 
ika.  '  We  have  thus  strong  evidence  for  the  presumption  already  made  that 
went  separation  of  these  basins  is  largrely,  if  not  altogether,  a  feature  of 
lance ;  an  example  on  the  largest  scale  of  the  longitudinal  waving  of  the 
t  elevation  which  has  been  frequently  noticed  in  the  detailed  structure  of 
nonntains. 

e  Takht-i- Suleiman,  Mr.  Griesbach  writes,  consists  of  the  cretaceous  sand- 
stones with  limestones  recently  described  by  Mr.  Blanford 
Pamt-i-Sulbi-        (Memoirs,  Vol  XX,  pt  2),  as  forming  the  crest  of  the 

range  80  miles  to  the  south. 


Racorih  of  the  Geological  Survey  of  India.  [vol.  X"^i^Xl« 


We  have  at  last  got  a  bit  of  critical  study  from  that  most  obscure  region,  -^fcf^&f 

Lower  Himalaya,  in  Mr.  Oldham's  work  of  last  seaBOiK.       ^ 
jAuysAB :  Jaunsdr  (Records,  Vol.  XVI,  pt,  4).     This  remark  lea 

out  of  count  Mr.  Mallet's  very  thorough  study  from 


same  region  in  Sikkim  (Memoirs,  Vol.  XI,  1874),  the  distance  is  so  great  (! 
miles),  and  the  details  so  different;  also  Colonel  McMahon's  most  excellent 
sorvations  in  the  Simla  area  (Records,  Vol.  X,  pt.  4,  1877),  on  the  groundB 
they  are  not  comparable,  being  only  notes  made  during  official  tours  of  inspectLi 
On  similar  grounds  I  would  claim  partial  exemption  for  my  own  notes  (Memo 
Vol.  II,  pt.  2)  published  in  1864.     I  was  then  especially  engaged  with  the  S^ 
Himalayan  rocks,  and  my  notes  upon  the  older  formations  were  taken  on  c 
traverses  of  the  ground ;  but  I  put  them  into  the  best  form  I  could  (unfortuna^oX7 
not  a  very  lucid  one)  with  a  provisional  scale  of  formations.     There  would  h&zM^ 
risk  in  so  reasonable  a  proceeding,  but  for  the  delight  some  people  take  in  ^garia^ 
as  correctors  of  what  it  gratifies  them  to  ca}l  '  error ; '  and  it  is  so  easy  in  a  veieT'^ 
ence  to  omit  all  notice  of  the  saving  clauses  of  the  context,  or  to  quote  a  passing 
opinion  as  if  it  had  been  a  matured  judgment.     It  was  my  early  connection  with 
the  college  at  Rurki  that  gave  me  the  opportunity  of  Himalayan  work,  and  ance 
I  left  it  (in  1862)  no  regular  survey  has  been  undertaken  in  this  ground  until  now, 
though  it  is  here,  as  I  have  often  explained,  that  we  must  hope  to  find  a  due  to 
the  whole  Lower  Himalayan  region. 

After  a  preliminary  view  of  the  Simla  section,  Mr.  Oldham  settled  down  upon 
Jaunsdr,  a  British  district  between  the  Tons  and  the  Janma,  because  there  he  would 
have  the  advantage  of  a  fairly  good  map  on  a  sufficient  scale,  the  Atlas  maps  of  the 
generaljarea  being  very  defective.     The  result  has  been  no  small  surprise,  which 
I  will  briefly  explain.     The  sequence  of  formations  in  the  Simla  section  is  appa- 
rently a  simple  one  in  itself,  however  complicated  bj  disturbance.     There  is  at 
top  a  strong  limestone,  which  takes  its  name  from  the  EIrol  monntain ;   it  is 
underlaid  with  apparent  conformity  by  a  great  thickness  of  shales,  slates,  and 
flags,  sub-divided  by  one  small  but  very  persistent  band  of  limestone  and  oon- 
glomeratic  quartzite  known  as  the  Blaini  group.     It  was  thought  that  these  rocks 
extended  indefinitely  eastwards,  and  Mr.  Oldham  has  himself  recognised  a  known 
outcrop  of  the  Blaini  group  far  to  the  east  of   Jaunsdr,  beyond  Mussooree ;  yet 
in  the  Jaunsdr  section,  which  takes  in  a  full  slice  of  the  region  from  the  terfciaiT 
zone  to  the  gneiss,  and  is  only  50  miles  east  of  Simla,  an  almost  completely 
new  series  of  rocks  is  introduced,  the  limestone  of  Deoban  mountain,  north   of 
Chakrata,  being  taken  with  some  doubt  to  represent  the  Krol  rock.     It  rests  nn- 
conformably  upon  a  great  series  of  slates  and  quartzites  with  subordinate  lime- 
stone ;  but  in  this  Chakrdta  series  none  of  the  infra- Krol  sub-divisions  have  been 
recognised.     This  discrepancy  must,  of  course,  stand ;  but  it  seems  more  likely  to 
be  explained  as  a  variation  of  deposition   than  as  an  entire  change  of  systems. 
Unconformities,  too,  are  of  precarious  certainty  where  disturbance  has  been  so 
intense.     But  the  most  interesting  feature  in  the  Jaunsdr  work  is  the  introduction 
of  two  separate  and  entirely  new    groups.     It  has  always  been  known  that  a 
great   gap  existed   between  the   tertiaries  in  the  Simla  section  and  the  Kxol 
group,  for  which  no  age  later   than  the  trias  has   been  conjectured ;    but  no 
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'antermediate  deposits  had  been-  detected.  In  Jaunsir  Mr.  Oldham  introduces  two 
Tmconformable  and  almost  wholly  detached  groups  above  the  Deoban  limestone. 
One,  the  MandhAlis,  may  be  of  upper  secondary  age ;  but  the  other,  the  Bdwar, 
"is  taken  to  be  middle  tertiary,  as  it  exhibits  little  or  no  disturbance, 
^though  highly  metamorphosed ;  it  lies  to  the  north,  close  under  the  main 
gneissic  range.  All  this  may  seem  a  little  wild,  but  a  perusal  of  Mr.  Oldham's 
paper  will  show  that  he  thoroughly  understands  what  he  is  about,  and  has  com- 
pletely protected  his  position  ;  that  if  he  scorns  grooves  and  is  somewhat  reckless  of 
antecedent  probabilities,  he  has  on  the  other  hand  a  wholesome  faith  in  close 
.observation  and  sound  reasoning. 

Colonel  McMahon  continues  to  favour  us  with  his  studies  in  the  intervals 
f%„         ,  ^^  business.      His  determination    of    the  truly  basaltic 

(hhmel  MeMakom,  character  of  the  bedded  trappean  and  trappoid  rocks  as- 
sociated with  the  slates  of  the  Lower  Himalaya  removed 
an  awkward  uncertainty;  but  his  later  decision  that  much  of  the  granitoid  gneiss 
of  the  Himalaya  must  be  regarded  as  a  truly  intrusive  rock  is  a  most  valuable 
diBCOvery,  as  giving  a  clue  to  structural  features  that  were  almost  impossible  of 
explanation  on  the  supposition  of  the  rock  being  stratified  by  original  sedimen- 
tation. When  first  describing  this  gneiss  in  the  Simla  region.  Colonel  McMahon 
remarked  that  '^  the  internal  structure  of  the  rock  is  that  which  has  usually  been 
described  as  characteristic  of  an  igneous  rock"  (Records,  Vol.  X,  p.  222),  and 
his  later  more  leisurely  study  of  the  same  rock  with  its  attendant  contact  pheno- 
mena at  Dalhousie  has  forced  upon  him  the  conviction  that  it  is  intrusive  and  must 
properly  be  called  gneissose  granite  (Records,  Vol.  XYI,  p.  129).  His  arguments 
are  mainly  drawn  from  the  microscopical  examination  of  petrological  characters, 
and  depend  a  good  deal  upon  the  more  or  less  obscure  conditions  of  the  process 
of  metamorphism  and  contact  action,  whereby  very  similar  results  may  be  accom- 
plished in  very  different  ways  ;^  still  the  arguments  are  very  forcible,  and  when 
backed  by  the  more  certain  evidence  of  structural  features,  they  seem  to  me  con- 
clusive. Despite  the  wonders  performed  by  flexure  of  strata  in  mountain 
regions,  the  structural  features  presented  by  this  rock  in  certain  cases  were 
impossible  of  satisfactory  explanation  on  the  supposition  of  its  being  really  strati- 
fied gneiss.  The  Chor  mountain  in  the  Simla  region  and  the  end  of  the  Dhula- 
dihir  ridge  at  Dalhousie  are  instances.  It  is  true  that  by  Herbert  originally, 
and  by  Strachey  subsequently,  the  Chor  was  mapped  as  granite ;  by  overlooking 
everything  but  the  crystalline  texture  they  hit  upon  the  right  name;  but  had 
they  represented  their  conception  of  it  in  section,  it  would  no  doubt  have  assumed 
the  conventional  form  of  a  vertically  intrusive  rock ;  whereas  in  reality  the  rock  is 
not  only  foliated  and  roughly  bedded,  but  it  conforms  in  lie  to  that  of  the  sur- 
rounding strata,  presenting  a  steep  south-westerly  outcrop  and  a  moderate  dip 
conformable  with  that  of  the  overlying  schistose  slates;  the  puzzle  being  that 
it  has  no  continuity  in  strike,  the  outcrop  being  about  as  broad  as  it  is  long, 

1  I  long  ago  brought  to  notice  an  instance  of  a  perfect  ternary  granite  where  it  can  only 
bave  been  formed  hy  solntion  or  hydrometamorphism,  withotft  intmsion  or  disturbance,  or  any  con- 
ditions nsnally  associated  with  the  word  '  plntonic'  See  Memoirs,  Vol.  Ill,  p.  17,  and  note  by  Pro* 
feiaor  Hanghton,  Jonm.  Geol.  Soc.,  Dublin,  I,  p.  87,  1864-65. 
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nearly  7  miles.     The  recent    recognition  of  tbe  fact  that  those  characterts  of 
qnasi-stratification  are  compatible  with  a  truly  g^nitio  and  intmsive  orij 
removes  all  these  difficulties,  and  thus  establishes  a  strong  claim  for  acceptance* 

Although  Mr.  Lydekker's  work  in  the  North- West  Himalaya  closed  two  y< 
|.  ago,  and  was  duly  noticed  as  it  came  out  in  his 

Ifr.  Lydehker.  reports,    the    recent   publication    of  it    (MemoiiB, 

XXII)  in  a  connected  form  and  with  a  map  of  the  wlmole 
area  requires  further  remarks.     But  for  this  compilation  the  work  would  be 
manner  lost ;  and  Mr.  Lydekker  has  performed  his  difficult  task  in  some  res] 
most  creditably,  ^  for  it  demands  considerable  art  to  put  a  mass  of  veiy  cnzd<0 
material  into  presentable  form,  and  this  has  been  done ;  the  volume  now  published 
gives  an  excellent  general  view  of  the  distribution  of  the  rocks  over  an  immense 
area  of  very  inaccessible  ground.     In  view  of  future  operations  it  is  however 
necessary  to  indicate  explicitly  how  superficial  this  work  has  been.     Mr.  Lydekker 
remarks,  and  it  is  quite  true,  that  anything  like  a  study  of  the  whole  ground 
would  demand  a  hundred-fold  the  time  that  has  been  given  to  it ;  we  are  told  on 
almost  every  page  that  data  are  wanting  to  decide  some  point  or  other,  showing  a 
fair  perception  on  his  part  of  what  was  needed,  but  this  only  makes  the  ahnost 
total  absence  of  critical  landmarks  the  more  disappointing. 

Although  a  considerable  additional  area  of  the  sub-Himalayan  region  iraa 
mapped  by  Mr.  Lydekker,  his  attention  was  least  directed  to  those  rocks,  and  he 
has  added  nothing  to  the  difficult  question  of  their  classification ;  indeed,  the 
grouping  he  adopts  (p.  83)  is  neither  congruous  nor  properly  geological,  the 
ruling  question  regarding  them  being  whether  the  repetition  of  more  or  less 
similar  deposits  in  successive  zones  up  to  the  innermost  boundary  of  the  region  are 
representative  or  distinct  formations ;  and  had  he  any  real  apprehension  of  the 
position,  he  would  not  have  remarked  (p.  13)  that  the  views  regarding  the  upper 
tertiaries  in  our  original  work  in  this  region  (Memoirs,  Vol.  Ill)  had  been  modi- 
fied. It  is  true  that  a  correction  was  published  (Records,  Vol.  XIV,  p.  169)  of  an 
erroneous  observation  of  an  important  contact-section  of  the  Nahan-Siwalik 
boundary,  and  that  great  stress  had  been  laid  upon  that  observation  because  it 
would  have  been  an  absolutely  final  settlement  of  an  important  dispute ;  but  in 
publishing  the  correction  it  was  expressly  stated  that  all  the  other  evidence 
remained  in  favour  of  the  view  originally  taken  of  that  boundary,  that  it  was 
primarily  an  unconformable  contact.  By  far  the  most  important  and  definite 
result  of  observation  as  bearing  upon  Himalayan  history  is  that  enunciated  at 
page  121  of  Mr.  Lydekker's  memoir,  but  it  would  not  be  gathered  from  the  con- 
text that  this  result  had  been  very  clearly  concluded  from  our  first  study  of  those 
mountains ;  that  although  the  Himalayan  area  had  been  elevated  and  defined, 
and  the  rocks  deeply  denuded  before  the  eocene,  little  or  no  contortion  of  the  rocks 
had  attended  that  disturbance  (see  Memoirs,  Vol.  Ill,  p.  174,  1864).  Mr. 
Lydekker  has  now  extended  this  observation  to  the  tertiary  basin  of  the  npper 

1 1  must  take  exception  to  and  apologize  for  the  note  on  page  273  and  the  "  (nr)  "  on  page 
274  of  Mr.  Lydekker's  memoir,  which  was  printed  in  Englund.  I  would  be  the  last  to  check 
plain  criticism  of  bad  work,  but  to  reproduce  and  point  the  finger  at  paltry  errors  of  press-reading 
in  a  quotation  worthy  of  all  respect,  is  a  display  of  critical  acumen  that  I  trust  may  not  again 
dbfigure  the  pages  of  our  Memoirs. 
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but  there  is  one  important  reservation  that  he  has  not  noticed.  In  his 
ejection  on  page  101,  the  tertiary  strata  lie  at  right  angles  to  those  of  the  gneiss ; 
the  apparent  conformity  of  the  palaeozoic  rocks  to  the  gneissio  series  is  a  con- 
snbject  of  remark  and  puzzle  with  regard  to  the  presumable  existence  of 
Ek  pirepalsdozoic  gneissic  mass ;  if  then  the  Indus  tertiaries  are  in  pseudo-conf orm- 
Bbble  relation  to  the  palaaozoio  strata  there,  the  gneiss  of  the  SHrbichan  section 
"^nronld  be  a  better  identified  example  of  that  archasan  gneiss  than  any  of  those 
emggested  in  Chapter  IX. 

On  page  127  Mr.  Lydekker  makes  some  very  judicious  reflections  upon  the 
difficult  question  of  the  correlation  of  formations  in  Europe  and  in  India,  as  intro- 
ductory to  the  gigantic  compromise  he  has  to  make  in  clubbing  into  one  *  system,' 
*  the  Zdnskar  system,'  the  eight  formations,  ranging  from  lower  carboniferous 
to  cretaceous,  distinguished  by  Stoliczka  at  the  east  end  of  the  Zdnskar  basin  itself. 
We  must  allow  a  good  deal  for  the  reputed  extinction  of  fossils  to  the  westward 
in  these  continuous  deposits,  nor  should  we  complain  of  a  temporary  compromise 
had  we  found  even  a  few  critical  landmarks  for  a  classification  which  we  must 
believe  to  be  possible  in  that  ground.     The  map  does  attempt  a  three-fold  division 
of  the  'system'  into  carboniferous,  jura-trias,  and  cretaceous,  the  three  little 
patches  of  the  latter  being  those  marked  by  Stoliczka ;  but  a  map  on  so  small 
a  scale  can  only  be  an  index  to  the  text. 

The  'Zanskar  system'  is  itself  described  as  transitional  with  the  underlying 
'  Panjdl  system'  of  lower  palesozoic  rocks,  and  these  again  are  for  the  most  part 
inseparable  from  the  schistose  metamorphic  or  gneissic  rocks.  In  the  Manual 
(pp.  626-7)  the  term  'central  gneiss  '  was  tolerated  upon  the  intelligible  grounds 
that  we  were  then  supposed  to  have  in  actual  evidence  two  gneisses ;  one  in  the 
main  Himalayan  range,  as  testified  by  Strachey  in  Hundes  and  by  Stoliczka  in 
Bissdhir  to  be  in  abrupt  original  contact  with  the  infra-silurian  azoic  slates ; 
and  another  in  Bupshu,  as  testified  by  Stoliczka  to  include  all  the  lower 
palffiozoic  formations.  For  th&  former  the  name  '  central '  was  not  inappropriate, 
in  the  sense  of  local  fundamental  or  local  arohsaan.  Later  observation  both  in 
Hundes  and  Bissdhir  asserts  that  on  the  north  flank  of  the  main  range  there 
is  complete  gradation  of  metamorphism  from  the  gueiss  to  the  slates;  so  it 
would  for  the  moment  appear  as  if  we  had  only  to  deal  with  one  period  of 
metamorphosing  action  of  variable  range ;  or  at  least  the  original  demarcation 
of  two  gneisses  is  not  sustained.  Under  these  circumstances,  as  based  upon  an 
assumption,  the  use  of  so  distinctive  a  term  is  scarcely  for  the  present  advisable. 
It  is  true  that  Mr.  Lydekker  insists  upon  the  existence  somewhere  of  a  pre- 
siluiian  gneiss  from  which  the  blocks  in  the  silurian  slates  must  have  been 
derived ;  but  it  is  not  certain,  however  probable,  that  that  rock  lay  within  the 
Himalayan  region  at  all,  and  untQ  found  it  would  be  better  designated  by 
some  less  specific  name.  The  reason  given  for  preferring  the  name  'central' 
rather  than  archaaan  (p.  269)  is  certainly  not  admissible ;  it  is,  that  some  of 
the  so-called  gneiss  is  now  shown  to  be  intrusive.  It  would  be  rather  sub- 
versive of  geological  principles  to  regulate  the  nomenclature  of  stratified  sys- 
tems according  to  the  igneous  rocks  that  may  have  invaded  them ;  and  it  is 
dear  that  in  this  case  the  ambiguity  is  not  in  the  words  '  central '  and  *  archasan/ 
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bnt  in  the  word  '  gneiss,'  if  we  choose  to  retain  it  for  a  rock  that  is  proved  to  lie 
a  foliated  granite,  as  which  it  shonld  be  coloured  on  the  map  wheneyer  its  orx^iii 
can  be  established.    Or  if  the  '  central  gneiss,'  as  Mr.  Lydeld^er  suggests  (p.  270^9 
is  only  to  indicate  the  lower  limit  of  a  general  metamorphism  as  defined  on 
Bhabeh  section,  it  would  form  an  incongruous  member  in  a  scale  of  formatE^ 
based  upon  wholly  different  conditions. 

Mr.  Lydekker  continues  the  introduction  to  his  description  of  the  ciystaL' 
and  metamorphic  system  with  a  discussion  of  Colonel  McMahon's  papers  on 
Dhuladhir,  remarking  that  in  the  last  of  these  ''  many  of  the  rocks  preyioiixJBly 
alluded  to  as  granitoid  gneiss  are  termed  gneissose  granite ;  and  it  will  aooo^rcl- 
ingly  be  understood  that  where  these  terms  are  employed  they  must  be  geners^Uj 
considered  as  equivalent "  (p.  271) .     It  seems  to  me  that  this  is  precisely 
we  should  avoid  doing.     Compromise,  or  opportunism,  may  often  be  nc 
but  in  geology  at  least  we  can  adopt  it  with  our  eyes  open.     The  familiar  examj^-'^ 
of  chalk  and  cheese  would  not  adequately  represent  the  confusion  here  reocn^^' 
mended  ;  it  would  be  better  illustrated  as  between  blood  and  bone  in  biologic^i^ 
research,  a  provisional  equivalence  which  Mr.  Lydekker  would  hardly  tolerate  ^ 
In  the  ascending  scale  of  differentiation  the  possibility  of  mistake  has  iAnest^ 
been  removed ;  but  intrinsically  among  rocks  the  functional  distinction  of  gndsB 
and  granite  is  just  as  radical.     Except  by  survivals  of  the  Wemerian  school 
gneiss  is  regarded  as  of  sedimentary  stratified  origin  ;  and  even  though  locally 
derived  by  a  new  birth  from  the  base  of  the  earth's  stratified  shell,  granite  is 
essentially  the  very  reverse  of  sedimentary.     I  have  no  doubt  Colonel  McMahon 
would    abstain  from  applying  the  term   gneissose    granite  without  sufficient 
reason,  and  meanwhile  the  term  granitoid  gneiss  must  carry  its  full  signification ; 
for  it  must  be  possible  that  a  gneiss  should  reach  the  last  verge  of  metamorph- 
ism without  extinction  of  its  original  stratified  relations ;  on  the  other  hand,  it 
would  be  difficult  to  place  a  limit  on  the  pseudo-schistose  texture  an  erupted 
mass  may  assume  under  certain  conditions. 

In  subsequent  pages  Mr.  Lydekker  gives  liberal  extracts  from  Colonel 
McMahon's  papers.  They  will  serve  to  g^ve  his  non-professional  readers  an 
idea  of  what  is  understood  by  critical  observation  in  geology,  but  they  seem  to 
be  introduced  as  a  basis  for  an  imaginary  contention  (p,  280)  in  which  Colonel 
McMahon  is  supposed  to  deny  the  existence  of  the  granitoid  gneiss  even 
in  the  Dhuladhdr.  Seeing  that  the  evidence  quoted  at  top  of  the  next  page 
for  the  existence  of  an  archsean  series  of  metamorphic  rocks  in  the  Hima- 
laya is  from  Colonel  McMahon's  observations  (Records,  Vol.  X,  p.  204)  this 
is  rather  perplexing;  the  conclusion  was  not  made  from  a  thorough  study  of  the 
ground,  but  it  was  formally  sound,  and  it  is  almost  the  only  positive  evidence  we 
have  left  on  this  important  question,  so  I  am  anxious  to  see  how  it  will  stand  the  test 
of  Mr.  Oldham's  approaching  investigation.  It  is  impossible  to  admit  with  Mr. 
Lydekker  (p.  280)  that  the  occurrence  of  boulders  of  granitoid  rock  in  the 
slates  of  Pangi  proves  that  such  a  rock  was  then  exposed  in  P&ngi,  Chamba,  and 
Kashmir ;  especially  if  those  boulders  were,  as  he  conjectures,  due  to  transport  by 
ice,  they  may  have  come  from  much  farther,  possibly  from  the  middle  Himalayan 
region  to  the  east. 
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With  the  fictitioiu  contention  over  the  archaaan  gneiss  there  is  involyed  one 

the  intricate   structural  question  of  faulting  versus  flexure  with   inversion. 

^'bis  too  is  peculiarly  open  to  misunderstanding,  for  more  or  less  of  faulting 

"^ronld  be  inseparable  from  a  folded  flexure.     Colonel  McMahon  has  not  recog- 

siised  any  inverted  strata  in  the  Dalhousie  section,  and  so  does  not  yet  see  the 

aieed  of    the  folded  flexure.     Mr.  Lydekker  has  made  out  a  good  case  for  an 

:aiiverted  series  on  the  outer  flank  of  the  Pir  Panjdl,  and  would  extend  it  to  the 

n^hnladhdr,  as  these  ranges  are  certainly  homologous ;  and  I  think  that  in  the  main 

lie  is  right ;  but  here  again  it  would  not  be  supposed  from  his  text  that  this  was 

"the   view   taken   of  the  Dhuladhdr  in  the  first  Himalayan  work  of  the  Survey 

(Memoirs,  Vol.  Ill,  2,  p.  63,  1864). 

The  recent  publication  of  Mr.  Blanford's  memoir  (Vol.  XX,  part  2)  on  his 

-_  t«T      «  examination  of    the  hills  in  Northern  Baluchistan  and 

Mr.  Blanford.  South-Eastem   Afghanistan    durmg  the  season   1881.82 

brings  forward  some  points  that  were  not  available  for 
last  year's  report.  I  need  hardly  say  that  the  memoir  is  replete  with  sound 
observation  and  lucid  exposition,  or  how  much  we  have  to  regret  that  it  is  the 
last  record  of  geological  field-work  in  India  that  we  can  expect  from  Mr.  Blan- 
ford.  A  slight  alteration  of  the  classification  of  formations  adopted  in  his  Sind 
Memoir  is  now  indicated  (p.  46)  :  according  to  the  critical  examination  of  the 
fossils  by  Dr.  Martin  Duncan  (Pal.  Ind.  Ser.  XIV)  the  Oardita  heawmonti  beds 
are  now  placed  as  lowest  eocene  instead  of  cretaceous  ;  and  the  change  is  also  rather 
in  accordance  with  their  petrologicaJ  characters.  Their  position  below  the  trap 
had  something  to  say  to  their  being  regarded  as  cretaceous,  and  now  we  have  to 
give  a  corresponding  lift  to  the  trap  itself  which  is  presumed  to  belong  to  the 
period  of  the  Deccan  trap;  this  must  have  been  one  of  g^at  duration,  and 
the  eocene  basalt  of  Ranikot  would  probably  belong  to  its  uppermost  horizon. 
The  total  disappearance  of  the  Gdj  and  Nan  marine  beds  of  Sind  in  the  western 
highlands  as  well  as  northwards  is  a  very  interesting  observation.  The  latter 
featnre  was  a  prominent  object  of  Mr.  Blanford's  investigation,  with  a  view  to 
the  correlation  of  the  sub -Himalayan  tertiaries,  and  although  the  examination  was 
not  carried  so  far  northwards  as  was  hoped  for,  the  question  is,  I  think,  virtually 
settled  as  far  as  it  is  likely  to  be  from  this  quarter,  though  perhaps  not  as  Mr.  Blan- 
ford suggests.  The  correspondence  of  the  Manchhars  of  Sind  with  the  Siwaliks 
has  been  fully  recognised,  and  Mr.  Blanfoi*d  has  now  traced  them  continuously 
along  the  Bugti  and  Suleiman  hills,  where  for  a  considerable  distance  they  over- 
lap  all  the  middle  tertiary  groups  and  rest  upon  the  eocene.  The  marine  O&j 
and  lower  Nari  do  not  occur  at  all  in  this  ground,  but  a  sandstone  which  Mr. 
Blanford  takes  to  represent  the  Nari  sandstone  re-appears  on  the  flanks  of  the 
Suleiman  resting  on  the  eocene  shales,  and  he  suggests  (p.  55)  that  it  may 
represent  the  Mnrree  beds  of  the  sub-Himalaya.  I  hardly  think  that  this  will 
prove  correct.  The  lithological  resemblance  is  not  so  close  as  Mr.  Blanford  sup. 
poses ;  ^*  brown  sandstone,  rather  harder  and  darker  than  the  Siwalik  sandstone  " 
does  not  at  all  match  the  Murree  or  Dugshai  rock,  which  has  a  prevailing  purple 
colour  and  is  densely  hard.  There  are  rocks  above  the  Murree  horizon  and 
below  any  recognised  Siwaliks  that  would  answer  much  better  to  the  Nari  sand- 
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stone  of  the  Suleiman.     Bat  this  is  the  least  consideration.     The  intimate  transi- 
tion of  the  Murree  beds  and  the  eocene  is  not  described  as  occnrring  at  the  base  of 
the  Nari  in  the  Suleiman  section ;  there  is  also  a  much  greater  thickness  d 
deposits  above  the  Murree  zone  in  the  sub- Himalayan  region   than  aboTe  the 
Nari  in  the  Suleiman.     These  considerations  coalesce  with  what  must,  I  think,  be 
taken  as   the   probabilities  of   the   case :    the  exclusion   of   the  sea  from  tb^ 
northern  ground  was  a  most  gradual  change  and  no  doubt  took  effect  earliest  i^ 
the  north,  where  the  highest  marine  and  lowest  fresh  water  deposits  would  th**^ 
presumably  be  older  than  at  any  point  to  the  south.     It  is  not  unlikely  that  tU^ 
whole  Sirmur  series   is   eocene.     This   sort   of  thing  is  no  doubt  awkward 
the  map  maker ;  geologists  must  only  learn  to  adapt  their  scales  to  the  p: 

of  nature. 

At  the  other  end  of  the  Himalayan  area,  in  Assam,  Mr.  LaTouche  was  engaged^^ 

at  the  special  request  of  the  Public  Works  Department,  ^ 
~f^^^ '  in  prospecting  for  coal  and  iron,  where  it  was  pretty  cer-    " 

tain  none  would  be  found,  in  the  upper  tertiary  rockp 
forming  the  hills  between  Cachar  and  the  Dimapur  valley  in  Assam  through 
which  it  is  proposed  to  run  a  line  of  railway.  The  result  was  as  expected ;  but 
in  proceeding  to  his  work  Mr.  LaTouche  traversed  some  new  ground,  a  note  upon 
wldch  is  published  in  the  Records  for  the  year.  He  was  to  have  taJcen  up 
during  the  current  season  the  survey  of  the  coal-field  in  the  Qkro  hills,  his 
preliminary  examination  of  which  was  made  at  the  close  of  the  last  season 
(Records,  Vol.  XVI,  p.  164) ;  but  with  the  permission  of  the  Chief  Commissioner 
he  was  deputed  to  accompany  the  survey  party  under  Lieutenant-Colonel  Wood- 
thorpe,  R.E.,  proceeding  to  explore  the  Upper  Dehing  basin.  This  would  be  very 
interesting  ground,  as  it  must  reach  beyond  the  zone  of  tertiary  rocks  fringing 
the  Upper  Assam  Valley  and  probably  beyond  the  range  of  the  Arakan-Munipur 
axis.  Unfortunately  this  plan  was  interrupted  by  the  Aka  raid,  the  survey 
party  being  diverted  into  that  territory,  and  Mr.  LaTouche  with  it.  This  is 
Himalayan  ground  proper,  not  far  to  the  west  of  the  Daphla  district  yisited  by 
Colonel  Godwin- Austen  in  1865,  and  probably  like  it  in  structure. 

The  Peninsula  Area. — Mr.  Poote  completed  his  survey  of  the  coastal  region  on 

both  sides  of  Cape  Comorin,  and  the  result  is  now  pnb- 
TiTOEVELrr-^MADUBA :     ^^^^^  (Memoirs,  Vol.  XX,  part  1)  with  a  largo  map.    The 

region  is  not  particularly  attractive  geologically.  One 
point  of  general  interest  has  been  provisionally  suggested  by  Mr.  Poote.  The  age 
of  the  Cuddalore  sandstones  has  been  unknown  ever  since  the  formation  was  first 
described  by  Mr.  H.  P.  Blanford  under  this  name  in  1863  (Memoirs,  Vol.  IV, 
part  1)  ;  it  occurs  extensively  in  the  Godavari  district  as  the  Rajamundri  sand- 
stone, and  in  Travancore  as  the  Warkilli  beds,  and  at  many  intermediate  points. 
It  is  totally  severed  from  the  cretaceous  deposits  of  Trichinopoli,  but  as  it  had 
only  yielded  silicified  wood  and  impure  lignite,  nothing  could  be  fixed  as  to  its 
age,  and  it  has  passed  generally  as  tertiaiy.  Mr.  Poote  has  now  (p.  40)  with  some 
probability  identified  a  fossilif erous  marine  sandstone  as  belonging  to  this  group^ 
If  this  observation  be  upheld,  or  rather  until  it  is  contradicted,  the  Cuddalore 
sandstones  must  rank  as  post-tertiary  or  even  sub-recent. 
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In  this  connection  I  may  mention  the  recent  re-disco  very  of  General  Cullen's 

tertiary  limestone  near  Quilon  by  Mr.  Logan,  the  Resident 
t^qStokT  ^""^'^^     in  Travancore.     In  the  annnal  report  for  1881  (Records, 

Vol.  XV),  I  mentioned  that  Mr.  King  had  failed  to  find 
his  interesting  bed  during  his  rapid  survey  of  the  Warkilli  deposits  (Records, 
''ol.  XV,  p.  94).  It  was  certainly  not  to  be  found  at  the  place  assigned  in  the 
nblished  account  of  General  Cullen's  observations,  and  no  one  at  Qnilon  could  put 
ir.  King  on  the  track  of  it.  Mr.  Logan  has  now  sent  specimens  collected  by 
dmself  at  the  spot,  known  as  Purappakkara,  about  7  miles  north-east  of  Quilon, 
.  much  greater  distance  than  that  given  in  the  notes  published  by  Dr.  Garter. 
S^eneral'  Gullen  was  presumably  an  Irishman. 

By  desire  of  His  Excellency  the  Governor  of  Madras  Mr.  Foote  at  the  begin- 

BniiA  SuBGAX  Cavbs.     ^^^S  ^^  *^®  current  field  season  took  up  the  exploration  of 

the  ossiferous  caves  in  the  Kamul  district,  mention  of  which 
ma  made  in  last  year's  reports  Owing  to  the  total  want  of  local  information 
egarding  these  caves  there  was  much  difficulty  in  finding  them,  and  work  was 
ommenoed  in  a  cave  said  to  be  called  BiUa  Surg^m,  but  which  turned  out  not  to 
le  the  locality  where  Newbold  had  made  excavations.  This  cave  was,  however, 
onnd  out  in  time,  and  the  exploration  has  now  made  some  progress  with  fair  pro- 
oiae  of  success.  Unfortunately  a  diversion  has  arisen  in  an  urgent  demand  for 
he  examination  of  the  country  between  Bezvada,  Singareni,  and  Hyderabad,  with 
.  view  to  the  possible  occurrence  of  coal  and  iron  deposits,  in  connection  with  a  new 
ine  of  railway.  No  other  officer  being  available  it  has  been  necessary  to  depate 
lir.  Foote  for  this  work,  the  cave  exploration  being  for  the  time  suspended. 

In  March  last  regular  mining  exploration  of  the  Umaria  coal-field  was  com- 

Thx  South  Rbwah        menced  under  Mr.  Hughes'  direction  by  opening  a  shaft  of 

CoAL-FiBLDS :  IQ  fect  iu  diamctcr.     There  being  no  suitable  shelter  on 

Mr,  Mnghet,  \^q  ground  the  work  had  to  be  suspended  during  the 

Qonsoon ;  but  an  early  start  was  made  at  the  beginning  of  the  current  season,  by 

he  close  of  which  it  is  fully  expected  a  sufficient  judgment  can  be  formed  of  the 

^alne  of  the  coal-seam.     It  is  also  hoped  that  the  survey  of  the  much  larger 

Sobagpur  Jcoal-field  will  be  completed  during  this  field  season.     Mr.  Hughes  con- 

iniios  to  report  favourably  of  the  services  rendered  by  Sub- Assistant  Hira  Lai. 

In  connection  with  the  coal-fields  of  South  Rewah,  the  resources  of  iron  for 

which  the  north  of  the  Jubulpur  district  has  long  been 
KATia  IKON    BBS :         xiotcd   assumo  much  importance.     The  information  je- 

garding  the  nature  and  extent  of  the  ores  not  being  as 
Lefinite  as  was  desirable,  Mr.  Mallet  was  deputed  to  examine  the  question.  His 
eport  is  published  in  the  Records  (Vol.  XVI,  pt.  2).  It  shows  how  exceptionally 
avourable  all  the  other  conditions  are  for  extensive  iron  manufacture  if  the 
oal  be  found  suitable. 

Dr.  King  returned  from  furlough  on  the  11th  of  May.     Before  leaving  Madras 

Chhattiboabh  Coal-       ^®  ^^^  called  upon  to  accompany  His   Excellency  the 

FiBLDs :  Governor  on  his  tour  through  the  Ouddapah  and  Kumool 

Dn  King.  districts.     At  the  beginning  of  the  current   season   Dr. 

^ng  took  up  work  on  the  coal-fields  in  eastern  Chhattisgarh,  commenced  some 

'ears  Ago  by  Mr.  Ball.     He  has  been  specially  directed  to  select  sites  for  trial 
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borings  in  the  Hengir  Coal-field  in  connection  with  the  projected   line     cf 
railway. 

By  prolonging  the  season's  work  well  into  the  hot  weather  Mr.  Fedden   iras 

able  to  complete  his  survey  of  Kattywar.     The  sre&    is 
Katttwab  :  principally  occupied  by  the  Deccan  trap,  of  which  it 

not  desirable  to  attempt  a  detailed  survey  throughout, 
the  work  lay  principally  in  the  tertiary  and  post-tertiary  deposits  of  the  ooast^ 
region,  with  some  secondary  rocks  on  the  north-east  margin.  To  prepare  1^^ 
work  for  publication  as  well  as  to  give  assistance  in  the  museum  during 
Feistmantel's  absence  and  on  account  of  the  Exhibition  it  has  been  neceasaiy 
retain  Mr.  Fedden  at  office  during  the  current  field  season. 

After  picking  up  some  outliers  of  the  marine  cretaceous  rocks  in  KhandeshaD< 

Nimar,  Mr.  Bose  extended  his  survey  eastwards  to  Ni 
Khaitdbsh,  NiMAB :        mawar  to  take  advantage  of  the  new  survey  sheets  ol 

that  ground.     The  map  required  to  illustrate  Mr.  Bose'i 
memoir  of  this  large  area  is  rather  intricate,  so  there  is  some  delay  in  publica- 
tion.    For  the  current  season  Mr.  Bose  has  been  transferred  to  the  unexplored 
region  of  the  upper  Mahanadi  basin,  of  which  detailed  maps  are  now  available. 

Sub-Assistant  Kishen  Singh  extended  his  mapping  of  the  Yindhyan  lines, 
east  of  Bundi.  In  the  middle  of  the  season  he  was  reciUled  to  Bengal,  an  urgent 
requisition  having  been  made  by  the  Public  Works  authorities  for  a  searoh  for 
limestone  in  connection  with  Barakar  iron  works  and  the  new  line  of  railway  to 
ihQ  south-west.  Sub- Assistant  Kishen  Singh  brought  in  numerous  specimens  of 
limestone  from  new  localities  in  the  gneissic  rocks,  but  none  of  them  v^ere  of 
better  quality  or  more  conveniently  placed  than  that  already  in  use.  I  would 
here  record  the  instructive  fact  that  the  native  assistants  are  the  first  to  com- 
plain of  the  heat  and  to  propose  a  retreat  from  field  work. 

Publications, — Five  parts  of  the  Memoirs  were  published  during  the  year, 
completing  Volumes  XIX,  XX,  and  XXII.  The  appearance  of  Volume  XXII 
before  Volume  XXI  has  been  unavoidable.  There  were  seven  memoirs  about  leady 
to  start  and  with  nearly  the  same  apparent  prospects  of  a  finish,  and  it  was  neces- 
sary to  assign  a  place  for  each  with  a  view  to  the  lettering  of  maps  and  plates ; 
once  these  were  well  in  hand  it  was  not  possible  to  change.  Part  3  of  Volume  XIX 
is  the  catalogue  of  Indian  earthquakes  commenced  long  ago  by  Dr.  Oldham  and 
now  edited  by  Mr,  R.  D.  Oldham  with  a  map  of  the  principal  seismic  areas. 
Part  4  is  Mr.  Oldham's  account  of  his  observations  in  Manipur  and  the  Naga 
Hills,  the  publication  of  which  was  delayed  for  the  preparation  of  a  map  includ- 
ing the  recent  surveys.  Volumes  XX  and  XXII  contain  the  memoirs  by  Messrs. 
Blanford,  Foote,  and  Lydekker,  of  which  notice  has  been  given  above. 

The  Records  for  the  year  (Vol.  XVI)  contain  24  articles  of  various  interest 
with  numerous  maps  and  plates. 

Of  the  PalsBontologia  Indica  a  full  part  containing  a  large  section  of  the 
Brachiopoda  of  the  Productus-limestone  of  the  Salt-range  by  Dr.  Waagen  was 
issued  during  the  year^  also  a  part  on  the  tertiary  Echinoidea  of  Kach  and 
Kattywar,  by  Dr.  Duncan.  Two  other  parts  are  on  the  verge  of  publication ;  one 
by  Dr.  Duncan  on  the  Fossil  Echinoidea  of  the  Kirthar  and  Nari  groups  in 
Bind ;  and  one  by  Mr.  Lydekker  on  the  Siwalik  Garnivora. 
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JfttMum.— The  coUectioxiB  in  the  moBeom  ore  in  good  preservation.  Mr. 
3fallet*8  descriptiye  catalogue  of  the  systematic  series  of  minerals  was  issued 
May ;  also,  in  December,  his  Guide  to  the  Economic  Mineral  Products,  giving 
very  instructive  account  of  each  class  of  substance^  its  use  and  distribution, 
reference  to  the  specimens  in  the  cases.  The  foreign  and  Indian  samples 
placed  separately  in  the  several  classes,  as  are  also  the  samples  from  the 
^ifEerent  provinces  of  India. 

Library, — The  additions  to  the  library  were  1,697  volumes  or  parts  of  volumes, 
740  by  purchase  and  857  by  donation  or  exchange.  Numerous  valuable  offers  of 
exchange  for  the  publications  of  the  Survey  were  received  and  accepted,  with  the 
sanction  of  Government.  I  am  glad  to  be  able  to  say  that  the  promise  made  in 
last  year's  report  has  been  fulfilled ;  the  catalogue  of  the  library  is  now  at  the 
press.  But  for  the  unflagging  exertions  of  our  librarian,  Mr.  W.  B.  Bion,  this 
conid  not  have  been  accomplished,  in  addition  to  his  already  sufficient  duties  as 
Registrar ;  he  has  devoted  many  spare  hours  of  holiday  time  to  preparing  and 

arranging  the  slips  for  the  library  catalogue. 

Seismometric  observations. — With  the  co-operation  of  Mr.  H.  F.  Blanford, 
Meteorological  Reporter  to  Gt)vemment^  some  simple  seismometric  instruments 
have  now  been  set  up  at  Silchar,  Sibsagor,  and  Shillong,  forming  a  minimum 
group  for  the  determination  of  centres  of  disturbance  in  the  Assam  region. 

Per^onneZ.— Mr.  Hacket  was  absent  on  furlough  throughout  the  year ;  and 
Dr.  Feistmantel  went  on  furlough  on  the  28th  March.  Mr.  Wynne  left  India  on 
medical  certificate  on  the  17th  March  1880;  and  after  repeated  extensions  of 
sick  leave  he  had  finally  to  be  invalided,  retiring  from  the  service  on  11th  April 
1883.  When  he  joined  in  November  1862  he  had  had  several  years'  experience 
on  the  geological  survey  in  Ireland.  In  India  some  choice  fields  of  work  fell  to 
him,  such  as  Cutch  (Kach)  and  the  Salt-range,  of  which  he  has  left  well  illustrated 
descriptions  in  our  Memoirs.  Mr.  Lydekker  too  has  not  returned  from  the  special 
leave  taken  in  February  1882;  having  obtained  extension  of  leave  for  14 
months  without  pay  he  resigned  his  appointment  under  an  arrangement  that 
permits  of  his  completing  the  work  he  had  in  hand.  He  joined  the  Survey  in 
November  1874,  and  his  short  career  in  India  has  been  a  very  busy  one.  As 
soon  as  our  collections  were  moved  to  the  new  museum  and  amalgamated  with  those 
of  the  Asiatic  Society  of  Bengal,  he  undertook  the  arrangement  and  description  of 
the  extensive  series  of  tertiary  vertebrate  fossils,  large  additions  to  which  were 
made  by  Mr.  Theobald  in  the  Punjab.  Mr.  Lydekker's  description  of  the  Siwalik 
fauna  in  the  Palaeontologia  Indica  will  form  an  enduring  record  of  his  zeal  and 
ability.  Two  new  assistants  joined  the  Survey  on  the  28th  December — ^Mr. 
Edward  James  Jones,  A.S.B.M.,  and  Mr,  Charles  Stewart  Middlemiss,  A.B. 
(Cantab).  They  have  gone  to  be  broken-in  to  camp  life ;  Mr.  Jones,  with  Mr. 
Hughes  in  south  Bewah ;  and  Mr.  Middlemiss,  with  Mr.  Oldham  in  the  Himalaya. 

H.  B.  MEDLICOTT, 

Superintendent,  Geological  Survey  of  India. 
Calcutta, 

The  22nd  January  1884. 
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List  of  Societies  and  other  Institutions  from  which  Puhlications  Tiave  heenreeeM 
in  donation  or  exchange,  for  the  Library  of  the  Qeologieal  Survey  cf  hdiA^ 
during  the  year  1888. 

Ahstsbdah. — ^Netherlands  Colonial  Department. 
Ballaabat. — School  of  Mines. 

Basel, — Natnral  History  Society. 
Batayia. — Batavian  Society  of  Arts  and  Sciences. 
Bblfast. — ^Natural  History  Society. 
Berlin. — German  Oeological  Society. 

,y  Royal  Prussian  Academy  of  Science. 

Bologna. — ^Committee,  International  Qeologieal  Gommissioiu 
„  Geological  Institute, 

y,  International  Geological  Congress. 

BoMBAT, — Bombay  Branch,  Royal  Asiatic  Society. 
Boston. — American  Academy  of  Arts  and  Sciences. 
„  Society  of  Natural  History. 

Bbeslau. — Silesian  Society  of  Natural  History. 
Bristol. — ^Bristol  Naturalists'  Society. 
Brussels. — Geological  Society  of  Belgium. 

Royal  Academy  of  Science,  Belgium. 
Royal  Geographical  Society  of  Belgium. 
Royal  Malacological  Society. 
Royal  Natural  History  Museum  of  Belgium. 
Budapest. — Geological  Institute,  Hungary. 
Buffalo. — Society  of  Natural  Sciences. 

Caen. — Linnean  Society  of  Normandy. 
Calcutta. — ^Agricultural  and  Horticultural  Society. 
„  Asiatic  Society  of  Bengal. 

„  Calcutta  Exhibition  of  Indian  Arts  and  Manufactures. 

I,  Economic  Museum. 

„  Jeypore  Exhibition  for  Indian  Raw  Produce,  Arts  and 

Manufactures. 
„  Meteorological  Department,  Government  of  India. 

Cambridge. — Philosophical  Society. 
Cambridge,  Mass. — ^Museum  of  Comparative  Zoology. 
Cassel. — Society  of  Natural  History. 
Christlania. — Editorial  Committee,  Norwegian  North  Atlantic  Expedi« 

tion. 
Copenhagen. — Royal  Danish  Academy. 
Dehra  Dun. — Great  Trigonometrical  Survey  of  India. 
Dijon. — ^Academy  of  Sciences. 
Dresden. — Isis  Society. 
Dublin. — Royal  Geological  Society  of  Ireland. 
„         Royal  Irish  Academy. 
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Edinburgh. — Royal  Scottish  Society  of  Arts. 
„  Royal  Society  of  Edinbnrgh. 

Genbva. — Physical  and  Natural  History  Society. 
Glabus. — Swiss  Society  of  Natural  Science. 
Glasgow. — Glasgow  University. 

„  Philosophical  Society. 

GoTTiNGEN — Royal  Society. 

HALLE.-^Leopoldino  Academy. 
„         Natural  History  Society. 
Harris  BURG. — Geological  Survey  of  Pennsylvania. 
HoBART  Town. — Royal  Society  of  Tasmania. 

KONIGSBU  RG. — Physikalisch-okonomischen  Gesellschaft. 
Lausanne.— Yaudois  Society  of  Natural  Science. 
Liverpool. — Geological  Society. 
London. — Geological  Society. 

Iron  and  Steel  Institnte. 
Journal  of  Science. 
Linnean  Society. 

Royal  Asiatic  Society  of  Great  Britain  and  Ireland. 
Royal  Geographical  Society. 
Royal  Institute  of  Great  Britain. 
Royal  Society. 
Society  of  Arts. 
Zoological  Society. 
Ltons.*— Association  of  Natural  Sciences. 
„         Museum  of  Natural  Science. 
Madras  —-Literary  Society. 
Madrid. — Geographical  Society. 
Manchester. — Geological  Society. 
Melbourne. — Mining  Department,  Victoria. 
„  Royal  Society  of  Victoria. 

Milan. — Italian  Society  of  Natural  Science. 
Minneapolis.— Minnesota  Academy  of  Natural  Sciences. 
Moscow.— Imperial  Society  of  Naturalists. 
Munich. — Royal  Bavarian  Academy. 
Neuchatel. — Society  of  Natural  Sciences. 
tcastle-on-Ttne. — North  of  England  Institute  of  Mining  and   Mechanical 

Engineers. 
New  Haven.— American  Journal  of  Science. 
New  Zealand.— Museum  of  New  Zealand. 

Paris. — Geological  Society  of  France. 
„        Mining  Department. 
Philadelphu.— Academy  of  Natural  Sciences. 

,y  American  Philosophical  Society. 


» 
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Franklin  Institute. 
PiSA. — Society  of  Natural  SoienoeSy  ToBoany. 
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Plymouth.— Royal  Geological  Society  of  Cornwall. 
Rome. — R.  Accademia  dei  Lincei. 

„         Royal  Geological  GommiBsion  of  Italy. 
RooRKEE. — Thomason  College  of  Civil  Engineering. 
St.  Petbrsbukq.— Geological  Commission  of  the  Russian  Empire. 
„  Imperial  Academy  of  Sciences. 

Salem,  mass. — American  Association  for  the  Advancement  of  Science* 
„  Peabody  Academy  of  Science. 

Simla.— Quartermaster  General's  Department,  India. 
SiNQAPOBB. — Straits  Branch,  Royal  Asiatic  Society. 
Stockholm. — Geological  Survey  of  Sweden. 
Sydney.— Australian  Museum. 

„  Royal  Society  of  New  South  Wales. 

Toronto.- Canadian  Institute. 

Turin. — Royal  Academy  of  Sciences. 
Vienna.— Imperial  Academy  of  Sciences. 
„  Imperial  Geological  Institute. 

Washington. — Department  of  Agriculture. 

Smithsonian  Institute. 

United  States  Geographical  Survey  west  of  the  lOOth  "S^^^' 
dian. 
„  United  States  Geological  Survey. 

Wellington. — New  Zealand  Institute. 
Yokohama. — German  Naturalists'  Society. 
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Considerations  on  the  Smooth- water  Anchorages,  or  Mud  Banks  of  Narrakal  and 
Alleppy  on  the  Travancore  Coast.  By  W.  King,  B.A.,  D.Sc,  Deputy  8uper%n~ 
tendent,  Geological  Survey  of  India.     {With  a  map.) 

From  time  immemorial  two  anchorages  on  the  west  coast  of  Southern  India 
have  been  known  to  mariners  as  presenting  the  marvellous  feature  of  being 
perfectly  quiet  and  smooth,  while  the  sea  outside  may  be  tumbling  in  before  tl^ 
gales  of  the  south-west  monsoon.  The  bottom,  or  ground,  of  these  anchorages  ia 
also  peculiar  in  being  a  vexy  fine,  soft,  nnctuons  mud,  which  has  over  and  over 
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been  supposed  to  act  as  a  barrier  against  which  the  force  of  the  waves  was 
nded. 

n  these  qniet  roads,  ships  are  not  onlj  able  to  ride  safely,  bnt,  so  it  is  said, 
sometimes  take  in  water  alongside,  the  sea  beneath  them  being  so  diluted 
fresh  water  from  inland  sources   at   this   particular  season.     Not  only  is 
this  wonderful  quietness  of  the  sea ;  but  at  times  on  one  of  the  banks  the 
th  surface  may  be  broken  by  burstings  up,  or  huge  bubbles — "  cones  "  as 
have  been  called — of  water  or  mud  from  the  sea  bed,   and  even  roots  and 
are  reported  to  have  floated  up  with  these  ebullitions.     Yet,  again,  the 
of  mud  are  not  fixed  in  position,  but  move  along  the  coast  within  ranges 
^me  miles  in  extent ;  or  one  of  them  may  remain  comparatively  stationary, 
the  other  may  move ;  and  these  movements  do  not  take  place  year  by  year 
living  a  relation  to  the  monsoon  periods,  but  continue  over  many  years. 
Tnfortunately  no  continued  series  of  systematic  observations  has  ever  been 
«  with  reference  to  these  phenomena,  so  that  no  satisfactory  conclusions  could 
^^^>nned  as  to  their  origin  or  causes.     From  time  to  time,  however,  observations 
been  made,  and  suggestions  offered,  in  explanation  of  them  ;  some  of  which 
^n  looked  into  are  very  plausible,  and  may  indeed  be  the  right  ones.     There  is 
^oubt,  however,  that  certain  of  these  observations  require  corroboration  ;  and 
^^^"tih  a  view  to  this,  the  present  paper — practically  a  compilation  of  previous 
^^^Owledge— is  now  put  forward. 

Within  the  last  few  years  these  banks  have  once  more  attracted  attention : 
■^^rst  in  a  commission  of  enquiry  into  the  harbours  on  the  west  coast  in  1881,  con- 
ducted by  the  then  Superintending  Engineer  (Colonel  R.  H.  Sankey,  B.E.,  C.B.) 
^or  Madras  ;  and  next  by  Mr.  Logan,  the  Acting  Resident  of  Travancore,  in  his 
-^.dministratioa  Report  for  1881-82.     The  Harbour  Commission  was  carried  on 
^arly  in  the  year,  when  the  conditions  of  the  weather  were  altogether  unfavour- 
able to  any  exhibition  of  the  features  of  these  anchorages,  the  sea  being  generally 
t]^aite  calm ;  but  I  was  enabled  then  to  obtain  some  specimens  of  the  mud.     An 
analysis  of  this  showed  its  oily  constitution,  and  thus   some  of  the  obscuriiy 
«urroun^ng  the  action  of  the  mud  was  cleared  ofE.     Subsequently  Mr.  Logan's 
evident  great  interest  in  the  matter  led  to  the  writing  of  a  paper  by  Mr.  Rohde, 
the  Commercial  Agent  of  AUeppy,  which  throws  greater  light  on  other  features 
of  the  phenomena. 

By  all  accounts  there  are  other  but  quite  insignificant  patches  of  smooth 
crater  and  mud  bank  at  various  points  along  the  Travancore  and  Malabar  coasts, 
but  those  best  marked  and  most  generally  known  are  near  Cochin  and  Alleppy. 
There  is  no  well-defined  situation  for  either  of  these  banks  on  account  of  their 
movements  to  the  North  or  South.  That  near  Cochin  or  the  UTarrakal  bank  may 
be  said  to  lie  between  Cochin  and  the  Cranganore  river,  11|  miles  to  the  north ; 
or  the  range  over  which  it  has  been  observed  during  the  last  200  years  is  about 
11}  miles :  it  does  not  appear  to  have  ever  passed  south  of  the  northern  spit 
of  the  opening  of  the  great  backwater  at  Cochin ;  and  for  many  years  its  position 
has  been  about  the  middle  of  the  range,  between  the  villages  of  Nairumbalum 
and  Veearrakull  (Narrakal).  The  other  bank,  40  miles  or  so  to  the  south  of  this, 
ranges  from  a  mile  or  two  north  of  Aulopolay  (Alleppy)  to  Poracaud,  a  distance 
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of  12  or  15  miles :  it  is  now,  and  has  been  for  several  years,  at  the  sontli 
end  of  this  range,  and  indeed  goes  often  by  the  name  of  the  Poracaad 
bank. 

The  term  *  Mud  Bay '  has  been  applied  by  writers   and  explorers  to 
anchorages,   though  there   is  no  bay  feature   about  either  of  them  now. 
explanation  of  the  use  of  the  word  *  bay'  will  be  found  in  one  of  the 
given  further  on. 

The  mud  banks  are  situated  close  along  the  beach,  but  extend  out  to  sea^: 
for  some  miles,  presenting  a  more  or  less  semi-circular  or  flat  crescentic  cozx' 
edge  to  the  long  rollers  and  tumbling  waves  of  monsoony  weather.     Thus 
quite  easy  for  boats  or  small  canoes  to  put  off  from  the  shore. 

Ordinarily,  during  the  non-prevalence  of  the  monsoon,  the  sea  is  toler&bl/ 
smooth,  only  rolling  on  the  shore  with  more  or  less  of  a  surf ;  and  then 
patches  are  only  to  be  distinguished  by  the  soundings  of  mud  below  them.    S 
-when  the  monsoon  bursts,  it  is  said  that  they  are  not  always  distinguishable  '  ^^ 
once,  but  generally  only  after  a  few  days  or  so  when  the  whole  sea  line  has  tK3'0 
afEected  and  the  mud  at  these  particulav  places  stirred  up.     After  this  the  mix^^J 
waters  will  calm  down  and  so  remain  for  the  rest  of  the  monsoon. 

The  mud  itself  is  essentially  characteristic,  and,  as  far  as  my  limited  exp^'^^^ 
ence  goes  of  muds   along  this  coast,   unique.     It  is,   when  brought  up,  of      ^ 
decided  dark-green  colour,  slightly  tinged  with  brown ;  exceedingly  fine  in  textur^'"®' 
only  slightly  gritiy  at  times  from  fragments  of  comminuted  shells;  very  so*  ^^^^^ 
and  oily  feeling,  altogether  just  like  a  very  fine   soft   ointment  or  pomatai^^' 
After  a  time  it  dries  and  hardens,  loses  its  oily  feel,  and  becomes  harsh  Hk""'^^ 
an  ordinary  mud.     It  is  easily  stirred  up  on  the  bank,  being  in  its  upper  part 
great  liquidity,  the  lead  or  the  boat  pole  sinking  into  it  from  3  to  6  feet :  below, 
it  is  more  compact,  and  still  deeper  forms  a  good  holding  ground  for  ancAors.-*''''^ 
It  has  always  been  described  as  havgni  a  slimy  or  oily  consistency,  but  that  it 
actually  contained  oil  has,  I  believe,  only  been  surmised  by  a  few  observers ;  indeed, 
as  will  be  seen  further  on,  one  scientific  observer  rather  scouts  the  idea.     There 
is  no  doubt,  however,  that  it  does  contain  oil  in  appreciable  quantity,  as  ascer- 
tained by  analyses  of  the  specimens  obtained  in  January  1881,  and  sent  up  then 
to  the  Survey  laboratory  in  Calcutta. 

The  specimens  sent  up  were  as  follows  : — 

1017.  Mud,  off  the  Cochin  river  mouth,  4  fathoms. 

1018.  Mud,  from  the  Narrakal  bank,  4  miles  north,  close  in  shore. 

1020.  Mud,  from  Narrakal  bank,  off  pier  head,  2  fathoms. 

1019.  Mud,  from  Poracaud  bank,  7  miles  south  of  Alleppy,  1  mile  from 

shore,  2^  fathoms. 

1021.  Mud  from  Poracaud  bank,  7  miles  south  of  Alleppy,  2J  miles  from 

shore,  4  fathoms. 

My  colleague,  Mr.  F.  R.  Mallet,  who  made  the  assays,  writes  : — 

•«  AU  gave  off,  when  subjected  to  distillation,  some  brownish-yellow  oily  matter  lighter  than 
water,  and  looking  not  unlike  petroleum.  No.  1019  gave  off  the  largest  quantity,  1017  nearly  as 
much,  1021  a  smaller  amount,  1020  very  little,  and  1018  almost  none :  1019  and  1021  wen 
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with  ether,  which  extracted  a  small  quantity  of  brownish-yellow  greasy  matter  from 
;  the  other  samples  were  not  tried  in  this  way. 

The  quantities  of  mud  sent  wore  too  small  to  allow  of  the  oily  matter  (which  in  the  case  of 
only  amounted  to  a  drop  or  two)  being  subjected  to  examination." 

further  point  ahont  the  constitution  of  these  mnds  is  that  they  contain 

^nsiderable   quantity   of  forameniferal   and  infusorial  remains,  which  were 

isrihed  by  the  late  Captain  Jesse  Mitchell,  Superintendent  of  the  Government 

tral  Museum,  Madras.'     The   foramenifera  are  referred  to  the  genus  Rota- 

(D^Orbigny)  ;  and  the  Diatomaceas  are  summarized  as  containing  in  all  62 

ies  belonging  to  30  genera.     He  also  says  that  the  mud  first  received  had  a 

colour ;  but  that  a  second  supply,  which  was  quite  wet,  had  a  somewhat 

tinge,  the  colour  depending  on  the  quantity  of  water  present.     Some, 

had  been  exposed  for  several  days  to  the  sun,  became  almost  white. 

I  will  now  proceed  to  lay  before  the  reader  the  further  published  information 

these  phenomena,  and  the  theories  as  to  their  origin. 
Alleppy'Poracaud  hank, — The  earliest  account  dates  as  far  back  as  1678  to 
^•23,  in  an  extract  from  Hamilton's  account  of  the  East  Indies  in  Pinkerton's 
^^ollection  of  Voyages  and  Travels,'  which  is  given  in  the  Administration  Beport 
^W  Travancore,  1860. 

"  Mud  Bay  is  a  place  that,  I  believe,  few  can  parallel  in  the  world :  it  lies  on  the  shore  of 
^t.  Andrea,  about  half  a  league  out  in  the  sea,  and  is  open  to  the  wide  ocean,  and  has  neither 
island  nor  bank  to  break  off  the  force  of  the  billows  which  come  rolling  with  great  violence  on 
^  parti  of  the  Coast  in  the  South  West  monsoon,  but  on  the  bank  of  mud,  lose  themselves  in  a 
moment,  and  ships  lie  on  it,  as  secure  as  in  the  best  harbour  without  motion  or  disturbance.  It 
readies  about  a  mile  long  shore,  and  has  shifted  from  the  northward  in  30  years  about  three  miles. 

**  A  MS.  note  has  the  following  remark  : — This  singular  accumulation  of  mud  still  exists,  and 
ftill  affords  the  same  convenience  for  anchorage  in  the  worst  weather.  The  present  account 
was  published  in  1723  and  now  in  1825.  The  mud  bank  has  shifted  from  St.  Andrea  in  N.  Lat.  90** 
4Xf  to  Poonaganot  in  N.  Lat.  90°  25',  being  15  miles  in  102  years." 

Mr.  Malthy  (then  Resident)  adds : 

The  mud  bank  now  (1860)  is  in  latitude  90^  28'  80". 

The  next  account  I  can  find  is  of  mnch  later  date,  in  "  Notes  of  an  excursion 
along  the  Travancore  Backwater,"  bj  Captain  Heber  Druiy,  45th  N.  I.,  dated 
1S58. 

«  Alleppey,*  Aulopolay,  or  Alapushc,  as  it  has  been  variously  named,  is  the  present  commercial  port 
of  Travancore,  and  the  principal  depdt  for  Salt,  Cardamoms,  Pepper,  Teak-wood,  and  other  products 
of  the  country.  It  is  reached  by  a  canal  leading  from  the  backwater  nearly  due  west,  the  length 
being  about  3  miles."  ♦••••*••••••• 

"  Important  as  Alleppey  is  to  the  Travancore  Qovcmmcnt  as  a  commercial  dep6t,  from  the  facility 
of  an  inland  water  communication,  which  enables  the  forest  products  to  be  brought  to  the  very 
doors  of  the  godowns  established  for  their  reception,  yet  undoubtedly  its  greatest  advantage  as  an 
emporium  arises  from  the  singular  natural  breakwater  formed  in  the  open  roadstead,  and  which 
consists  of  a  long  and  wide  bank  of  mud,  the  effect  of  which  is  so  completely  to  break  the  force  of 
the  houses  (tic),  that  large  vessels  in  the  stormiest  weather  can  securely  anchor  in  the  open  roads^ 

»  Jour.,  Madras.  Lit.  and  Sec.,  XXII,  N.  S.  6.,  p.  264,  et  seq, 

•  See,  XIII,  Public  Works  of  Travancore.     Proceedings  of  the  Madras  a}vernment,  18G1. 
Pnblished  also  in  the  Madras  Jour.,  Lit.  and  Sci.,  XXII,  N.  S.  6.,  p.  127,  et  seq. 
'  Madras  Jour.,  Lit.  and  Sci.,  XIX,  N.  S.  3,  p.  217,  et  seq, 

c 
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where  the  water  is  as  calm  as  a  mill-pond.     It  U  this  extraordinary  deposit  which  has  earned  for  I  b<^ 

AUeppey  the  name  of  "  mud  bay."     The  origin  of  this  deposition  of  so  large  a  quantity  of  mod  ii  I  $v^ 

the  open  sea  about  two  or  three  miles  from  the  shore,  and  so  many  miles  from  any  bar  or  ootlel  I  -ys^ 

from  the  backwater  has  never  been  satisfactorily  accounted  for.    From  the  circumsfance  of  there  I  "Ss^ 

being  no  natural  outlet  for  the  vast  accumulation  of  waters  which  are  poured  down  from  the  I  -  *^ 

various  mountain  streams  into  the  basin  of  the  backwater,  nearer  than  thirty-six  miles  on  either  side, 
it  is  not  improbable  that  there  exists  a  subterraneous  channel  communicating  with  the  sea  from  the  I  '^ 

backwater  through  which  the  large  quantity  of  mud  is  carried  off  and  thrown  up  again  by  the  ^  ^ 

sea  in  the  form  of  a  bank.  Beiug  subject  to  tidal  action,  the  bank  is  more  or  less  shifting  it 
certain  seasons,  but  not  to  a  material  extent.  It  imparts  a  dirty -brown  colour  to  the  water  for  s 
considerable  distance,  and  close  to  the  shore  the  water  is  usually  of  a  thickbh  consistencj,  being 
deeply  impregnated  with  mud  and  slime." 

Mr.  Crawford,  the  then  Commercial  Agent  at  Alleppy,  thus  reports  to  tbe 
Resident  of  Travancore — date,  20th  June  1860 »: — 

"Lieut  Taylor  attributes  smoothness  of  the  water  to  the  soft  mud  at  the  bottom,  wlM-*" 
when  '  stired  up  by  a  heavy  swell  from  seaward  the  activity  of  the  waves  is  so  deadened  a^  ^ 
render  the  shore  lino  free  from  surf.'    I  regret  never  having  met  Lieutenant  Taylor. 

*'  k  number  of  years  ago,  I  brought  to  the  notice  of  General  CuUen,  that  the  perfect  imoc^  ^ 
ness  of  the  water  in  the  roads  and  at  the  beach  at  AUeppoy,  was  attributable,  not  to  the  soffap^'^''^ 
of  the  mud  at  the  bottom,  so  much  as  the  fact  of  the  existence  of  a  subterranean  pamgv 
stream,    or  a  succession   of  them,  which  communicating  with  some  of   the  rivers  inland 
backwater  become  more  active  after  heavy   rains,   particularly  at   the   commencement  of 
monsoon,  than  in  the  dry  season,  in  carrying  off  the  accumulating  water,  and  with  it  vast 


titles  of  soft  mud.     General  CuUen,  the  Resident,  sent  a  quantity  of  piping  and  boring  nppaitci-*^ 
in  order  to  test  the  existence  or  otherwise  of  what  I  had  urged.    Accordingly,  I  sunk  pipes  al 
700  yards  cast  from  the  beucli  and  at  between  50  and  60  feet  depth :  and  after  going  throng] 
crust  of  chocolate-colored  sandstone,  or  a  conglomerate  mixture  of  that  and  lignite,  the  shaftii    ^^ 


ran  suddenly  down  to  80  feet ;  fortunately  it  had  been  attached  to  a  piece  of  chain,  or  it  woe 
have  been  lost  altogether.     Several  buckets  from  this  depth  were  brought  up,  which  correspondc 
in  every  respect  with  that  thrown  up  by  the  bubbles  as  they  burst  at  the  beach,  which  I  shall  ^^^''^TJ 
try  to  describe  as  accurately  as  I  can.     Due  west  of  the  Flagstaff  and  for  several  miles  eont^^ 
but  not  north  of  that,  the  beach  will  after  or  during  these  rains  suddenly  subside,  leaving  a  lon^-^^*^ 
tract  of  fissure  varying  from  40  to  100  or  120  yards  in  length  ;  the  subsidence  is  not  80  qaiek  s^^^^ 
first,  but  when  the  cone  of  mud  once  gets  above  the  water  the  fall  is  as  much  as  6  feet  in  somr  ^^^ 
instances,  when  the  cone  bursts,  throwing  up  immense  quautities  of  soft  soapy  mad,  and  bln^^'^^ 
mud  of  considerable  consistence  in  the  form  of  boulders,  with  fresh   water,  debris  of  vegetaU*^  ^^ 
matter,  decayed,  and  in  some  instances  green  and  fresh.     These  bubbles  are  not  confined  to  th« 
seaboard,  but  are,  I  am  inclined  to   think,  both  more  active  and  numerous  in  the  bed  of  the 
with  the  Flagstaff  bearing  from  E.-N.-E.  to  the  South,  until  it  bears  N.-E.  by  N^  or  ev( 
South   of  that.    About  five  years  ago  for  about  4  miles  down  the  coast  and  from  the  beael 
out  to  sea  for  a  mile  and  a  half,  the  sea  was  nothing  but  liquid  mud,  the  fish  died,  and  ai 
cones  reared  their  heads  above  the  surrounding  mud,  they  would  occasionally  turn  over  a  d< 
Porpoise^  and  numerous  other   fish:   the  boatmen  had  considerable  difficulty  in  urging  th«r^ 
canoes  through  this  to    get  outside    of   it;   the    beach    and  roads  presented  then  a  ringulair 
appearance,— nothing  to  bo  seen  but  these  miniature  volcanoes,  some  silent,  others  active,  perfect 
stillness  of  all  around  the  ships  in  the  roads  as  if  in  some  dock,  with  a  heavy  sea  breaking  at 
7  fathoms  outside. 

**  There  arc  numerous  deep  holes ;  some  of  them  I  measured  in  1852 ;  one  in  particular  just  at 

>  Madras  Jour.  Lit.  and  Sci.,  XXII,  N.  S.  6.,  pp.  133-136. 

'  A  note  is  appended  to  this  by   Mr.   F.  N.   Maltby,  the  then   Resident: — "Porpoises  are 
very  numerous  in  the  backwater," 
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»^e  end  of  this  canal '  had  as  mach  as  60  feet  in  depth.  These  holes  may  or  may  not  communicate 
^utctly  with  the  roads,  but  I  think  it  will  be  found  that  the  principal  sources  of  active  communi- 
24Uion  is  more  inland,  and  the  backwater  perhaps  only  an  auxiliary.  About  3  miles  above 
Cbenganoor  [16  miles  cast  of  Fomcaud],  in  the  river  of  that  name,  there  is  one  or  two  deep 
'* Linns,"  which  I  only  had  an  opportunity  of  visiting  twice ;  the  first  time,  I  had  not  the  means 
of  ascertaining  the  depth ;  the  next,  I  lost  both  lead  and  line. 

"  The  depth  of  this  passage  '  is  not  so  great  as  you  approach  the  beach  as  noticed  above,  for 
while  extending  the  canal  from  the  Timber  I>ep6t  in  March  last,  about  200  yards  from  the  beach 
Rt  12  feet^  we  suddenly  and  unexpectedly  broke  through  the  substratum,  when  a  column,  fresh 
water,  mud  and  vegetable  debris,  and  about  9  inches  in  diameter,  spouted  up,  which  when  left 
alone,  gradually  subsided  as  the  upper  stratum  of  sand  filled  in  round  the  column  of  the  spring. 

"I  submit  the  above  information  as  I  feel  it  will  be  interesting,  both  to  yourself  and  Qovem- 
menty  to  pursoe  the  investigation  of  this  subject  more  efficiently.  I  have  omitted  to  state  one 
importaDt  particular, — that  is,  should  no  rain  fall,  as  has  been  the  case  this  year,  the  sea  in  the 
roads  and  at  the  beach  is  not  nearly  so  smooth ;  up  to  this  time  we  have  had  none  of  the  mud  cones 
bnrsting  at  the  beach,  neither  in  the  roads,  as  the  waves  tumble  in  perfectly  clear :  there  was  a 
tieavy  tarf  from  the  26th  ultimo  to  9th  instant,  but  never  in  any  instance  for  those  last  11  years 
Ims  the  rain  held  off  so  long  as  in  this,  and  the  roads  and  beach  have  always  by  the  end  of  May  been 
perfectly  smooth.  To  illustrate  the  perfect  smoothness  of  the  roads  after  the  monsoon  has  fairly 
let  in,  a  ludicrous  event  which  occurred  two  years  ago  will  suffice.  During  a  heavy  westerly 
^leof  wind  in  May  1858,  a  ship  had  to  call  at  Alleppy  for  pepper  bound  to  London.  The  Captain, 
irbo  had  been  frequently  here  before,  sighted  the  light  at  midnight,  and  ran  from  the  heavy 
lea  into  the  smooth  water  of  the  road.  The  small  sail  they  had  set  was  soon  stowed  and  the  anchor 
ifot  ready,  the  leadsman  being  told  to  report  when  he  got  into  4^^  fathoms.  Time  elapsed,  and 
H>Dsidering  the  strong  gale  that  was  then  blowing  right  on  to  the  shore,  the  ship  should  have  been 
n  that  water  long  before ;  but  to  every  enquiry  of  the  Captain  '  6  fathoms '  was  reported,  until 
le  took  the  lead  line  in  his  own  hand,  and  discovered,  for  the  first  time,  that  the  ship  was  aground ! 
rhe  anchor  was  let  go,  and  notwithstanding  the  distance  she  had  over-run,  she  swang  at  once 
o  the  wind,  and  remained  all  night  until  the  next  afternoon,  when  the  wind  drawing  more 
o  the  northward  she  made  sail  and  stood  out  to  the  proper  anchorage,  remaining  there,  as  she 
lid  when  aground,  still  as  in  the  London  docks. 

"  The  fall  of  rain  up  to  this  time  is  only  7-]^  inches  since  April,  and  from  the   1st  of  January 
13  inches  only.'' 

The  latest  notice '  is  that  of  Mr.  Rohde,  the  present  Commercial  Agent   at 
yieppy. 

"  This  anchorai^  known  to  the  pioneers  of  commerce  as  Mud  Bay  is  only  apparent  in  the 
i.  W.  monsoon,  and  in  1849  its  southern  limit  was  i  mile  N.  of  Alleppy,  since  which  date 
t  has  steadily  shifted  to  the  South,  and  for  the  last  8  years  has  decreased  in  area  each  mon- 
oon.  The  original  theory  seems  to  have  been  that  the  bank  travelled  year  by  year  southwards 
ind  then  suddenly  resumed  its  original  place,  but  from  the  various  observations  taken,  this  seems 
o  be  an  error,  and  from  the  notes  1  have  made  during  my  13  years  residence  on  the  Malabar  Coast, 
[  believe  that  Mr.  Crawford,  the  former  Commercial  Agent  and  Master  Attendant  of  Alleppy,  and 
rho,  in  addition  to  30  years'  residence  in  Alleppy,  had  previous  nautical  experience  of  the  coast, 
ran  correct  in  his  conclusion  that  the  bank  of  mud  is  created  by  the  hydraulic  pressure  caused 
ij  the  level  of  the  vast  backwater  being,  in  the  S.  W.  monsoon,  some  4  feet  higher  than  the 
ea.    It  has  been  proved  by  boring  that  although  Alleppy  appears  to  be  one  vast  sand  tract 

it  has  at  a  depth  of  60  feet  *  a  soft  mud  foundation,  and  both  Mr. 
agstaff  M  feet  oSil^noleaa,      Crawford  and  I  have  seen  mud  volcanoes  bursting  up  in  the  sea  during* 

the  rainy  season.    Those  that  I  have  witnessed  only  appeared  as  if 

'  A  short  canal  connects  the  backwater  with  the  beach. 
The  supposed  underground  passage. — W.  K, 
Para.  231  of  Report  on  the  Administration  df  Travancore  for  the  year  1881-82  (W.  Logan). 
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where  the  water  is  as  calm  as  a  mill-pond.  It  is  this  extraordinary  deposit  which  has  earned  for 
Alleppey  the  name  ol  "  mud  bay."  The  origin  of  this  deposition  of  so  large  a  quantity  of  mnd  in 
the  open  sea  about  two  or  three  miles  from  the  shore,  and  so  many  miles  from  any  bar  or  outlet 
from  the  backwater  has  never  been  satisfactorily  accounted  for.  From  the  circumsfance  of  there 
being  no  natural  outlet  for  the  vast  accumulation  of  waters  which  are  poured  down  from  the 
various  mountain  streams  into  the  basin  of  the  backwater,  nearer  than  thirty -six  miles  on  either  side, 
it  is  not  improbable  that  there  exists  a  subterraneous  channel  communicating  with  the  sea  from  the 
backwater  through  which  the  large  quantity  of  mud  is  carried  off  and  thrown  up  again  by  the 
sea  in  the  form  of  a  bank.  Being  subject  to  tidal  action,  the  bank  is  more  or  less  shifting  at 
certain  seasons,  but  not  to  a  material  extent.  It  imparts  a  dirty -brown  colour  to  the  water  for  a 
considerable  distance,  and  close  to  the  shore  the  water  is  usually  of  a  thick ish  consistency,  being 
deeply  impregnated  with  mud  and  slime." 

Mr.  Crawford,  the  then  Commercial  Agent  at  AUeppy,  thus  reports  to  the 
Resident  of  Travancore — date,  20th  June  1860 ': — 

» 

"Lieut  Taylor  attributes  smoothness  of  the  water  to  the  soft  mud  at  the  bottom,  which 
when  '  stired  up  by  a  heavy  swell  from  seaward  the  activity  of  the  waves  is  so  deadened  as  to 
render  the  shore  lino  free  from  surf.*    I  regret  never  having  met  Lieutenant  Taylor. 

*'  A  number  of  years  ago,  I  brought  to  the  notice  of  General  Cullen,  that  the  perfect  smooth- 
ness of  the  water  in  the  roads  and  at  the  beach  at  Alleppey,  was  attributable,  not  to  the  softness 
of  the  mud  at  the  bottom,  so  much  as  the  fact  of  the  existence  of  a  subterranean  passage  of 
stream,  or  a  succession  of  them,  which  communicating  with  some  of  the  rivers  inland  and 
backwater  become  more  active  after  heavy  rains,  particularly  at  the  commencement  of  the 
monsoon,  than  in  the  dry  season,  in  carrying  off  the  accumulating  water,  and  with  it  vast  quan- 
tities of  soft  mud.  General  Cullen,  the  Resident,  sent  a  quantity  of  piping  and  boring  apparatus 
in  order  to  test  the  existence  or  otherwise  of  what  I  had  urged.  Accordingly,  I  sunk  pipes  about 
700  }'ards  east  from  the  beach  and  at  between  50  and  60  feet  depth :  and  after  going  through  a 
crust  of  chocolate-colored  sandstone,  or  a  conglomerate  mixture  of  that  and  lignite,  the  shafting 
ran  suddenly  down  to  80  feet  ,*  fortunately  it  had  been  attached  to  a  piece  of  chain,  or  it  would 
have  been  lost  altogether.  Several  buckets  from  this  depth  were  brought  up,  which  corresponded 
in  every  respect  with  that  thrown  up  by  the  bubbles  as  they  burst  at  the  beach,  which  I  shall  here 
try  to  describe  as  accurately  as  I  can.  Due  west  of  the  Flagstaff  and  for  several  miles  south, 
but  not  north  of  that,  the  beach  will  after  or  during  these  rains  suddenly  subside,  leaving  a  long 
tract  of  fissure  varying  from  40  to  100  or  120  yards  in  length  ;  the  subsidence  is  not  so  qnick  at 
first,  but  when  the  cone  of  mud  once  gets  above  the  water  the  fall  is  as  much  as  6  feet  in  some 
instances,  when  the  cone  bursts,  throwing  up  immense  quantities  of  soft  soapy  mud,  and  blue 
mud  of  considerable  consistence  in  the  form  of  boulders,  with  fresh  water,  debris  of  vegetable 
matter,  decayed,  and  in  some  instances  green  and  fresh.  These  bubbles  are  not  confined  to  the 
seaboard,  but  are,  I  am  inclined  to  think,  both  more  active  and  numerous  in  the  bod  of  the  roads 
with  the  Flagstaff  bearing  from  E.-N.-E.  to  the  South,  until  it  bears  K.-E.  by  N.,  or  oven 
South  of  tbat.  About  five  years  ago  for  about  4  miles  down  the  coast  and  from  the  beach 
out  to  sea  for  a  mile  and  a  half,  the  sea  was  nothing  but  liquid  mud,  the  fish  died,  and  as  these 
cones  roared  their  heads  above  the  surrounding  mud,  they  would  occasionally  turn  over  a  dead 
Porpoise^  and  numerous  other  fish:  the  boatmen  had  considerable  difficulty  in  urging  their 
canoes  through  this  to  get  outside  of  it;  the  beach  and  roads  presented  then  a  singular 
appearance, —  nothing  to  be  seen  but  these  miniature  volcanoes,  some  silent,  others  active,  perfect 
stillness  of  all  around  the  ships  in  the  roads  as  if  in  some  dock,  with  a  heavy  sea  breaking  at 
7  fathoms  outside. 

"  There  are  numerous  deep  holes ;  some  of  them  I  measured  in  1852 ;  one  in  particular  just  at 

'  Madras  Jour.  Lit.  and  Sci.,  XXII,  N.  S.  6..  pp.  133-136. 

3  A  note  is  appended  to  this  by  Mr.  F.  N.  Maltby,  the  then  Resident: — "Porpoises  aro 
very  numerous  in  the  backwater," 
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the  end  of  this  canal '  had  as  much  as  60  feet  in  depth.  These  holes  may  or  may  not  communicate 
directly  with  the  roads,  but  I  think  it  will  be  found  that  the  principal  sources  of  active  communi- 
cation is  more  inland,  and  the  backwater  perhaps  only  an  auxiliary.  About  3  miles  above 
Chenganoor  [16  miles  cast  of  Forncaud],  in  the  river  of  that  name,  there  is  one  or  two  deep 
''Linus,"  which  I  only  had  an  opportunity  of  visiting  twice ;  the  first  time,  I  had  not  the  means 
of  ascertaining  the  depth ;  the  next,  I  lost  both  lead  and  line. 

"  The  depth  of  this  passage  ^  is  not  so  great  as  yon  approach  the  beach  as  noticed  above,  for 
while  extending  the  canal  from  the  Timber  I>ep6t  in  March  last,  about  200  yards  from  the  beach 
at  12  feet,  we  suddenly  and  unexpectedly  broke  through  the  substratum,  when  a  column,  fresh 
water,  mud  and  vegetable  debris,  and  about  9  inches  in  diameter,  spouted  up,  which  when  left 
alone,  g^rodually  subsided  as  the  upper  stratum  of  sand  filled  in  round  the  column  of  the  spring. 

**I  submit  the  above  information  as  I  feel  it  will  be  interesting,  both  to  yourself  and  Govern- 
ment, to  pursne  the  investigation  of  this  subject  more  efficiently.  I  have  omitted  to  state  one 
important  particular, — that  is,  should  no  rain  fall,  as  has  been  the  case  this  year,  the  sea  in  the 
roads  and  at  the  beach  is  not  near  It/  so  smooth ;  up  to  this  time  we  have  had  none  of  the  mud  cones 
borsting  at  the  beach,  neither  in  the  roads,  as  the  waves  tumble  in  perfectly  clear :  there  was  a 
heavy  surf  from  the  26th  ultimo  to  9th  instant,  but  never  in  any  instance  for  those  last  11  years 
has  the  rain  held  off  so  long  as  in  this,  and  the  roads  and  beach  have  always  by  the  end  of  May  been 
perfectly  smooth.  To  illustrate  the  perfect  smoothness  of  the  roads  after  the  monsoon  has  fairly 
set  in,  a  ludicrous  event  which  occurred  two  years  ago  will  suffice.  During  a  heavy  westerly 
gnleof  wind  in  May  1858,  a  ship  had  to  call  at  AUeppy  for  pepper  bound  to  London.  The  Captain, 
who  had  been  frequently  here  before,  sighted  the  light  at  midnight,  and  ran  from  the  heavy 
sea  into  the  smooth  water  of  the  rond.  The  small  sail  they  had  set  was  soon  stowed  and  the  anchor 
got  ready,  the  leadsman  being  told  to  report  when  he  got  into  4|  fathoms.  Time  elapsed,  and 
considering  the  strong  gale  that  was  then  blowing  right  on  to  the  shore,  the  ship  should  have  been 
in  that  water  long  before ;  but  to  every  enquiry  of  the  Captain  '  6  fathoms '  was  reported,  until 
he  took  the  lead  line  in  his  own  hand,  and  discovered,  for  the  first  time,  that  the  ship  was  aground ! 
The  anchor  was  let  go,  and  notwithstanding  the  distance  she  had  over-run,  she  swang  at  once 
to  the  wind,  and  remained  all  night  until  the  next  afternoon,  when  the  wind  drawing  more 
to  the  northward  she  made  sail  and  stood  out  to  the  proper  anchorage,  remaining  there,  as  she 
did  when  aground,  still  as  in  the  London  docks. 

"  The  fall  of  rain  up  to  this  time  is  only  7-]^  inches  since  April,  and  from  the   1st  of  January 
13  inches  only." 

The  latest  notice '  is  that  of  Mr.  Rohde,  the  present  Commercial  Agent  at 
Alleppy. 

"This  anchorage  known  to  the  pioneers  of  commerce  as  Mud  Bay  is  only  apparent  in  the 
S.  W.  monsoon,  and  in  1849  its  southern  limit  was  i  mile  N.  of  Alleppy,  since  which  date 
it  has  steadily  shifted  to  the  South,  and  for  the  last  8  years  has  decreased  in  area  each  mon- 
soon. The  original  theory  seems  to  have  been  that  the  bank  travelled  year  by  year  southwards 
and  then  suddenly  resumed  its  original  place,  but  from  the  various  observations  taken,  this  seems 
to  be  an  error,  and  from  the  notes  Ihave  made  during  my  13  years  residence  on  the  Malabar  Coast, 
1  believe  that  Mr.  Crawford,  the  former  Commercial  Agent  and  Master  Attendant  of  Alleppy,  and 
who,  in  addition  to  30  years'  residence  in  Alleppy,  had  previous  nautical  experience  of  the  coast, 
was  correct  in  his  conclusion  that  the  bank  of  mud  is  created  by  the  hydraulic  pressure  caused 
by  the  level  of  the  vast  backwater  being,  in  the  S.  W.  monsoon,  some  4  feet  higher  than  the 
sea.    It  has  been  proved  by  boring  that  although  Alleppy  appears  to  be  one  vast  sand  tract 

it  has  at  a  depth  of  60  feet  *  a  soft  mud  foundation,  and  both  Mr. 
flagstaff  20  feet  th^J^noleia,      C?rawford  and  I  have  seen  mud  volcanoes  bursting  up  in  the  sea  during 

the  rainy  season.    Those  that  I  have  witnessed  only  appeared  as  if 

'  A  short  canal  connects  the  backwater  with  the  beach. 
The  supposed  underground  passage. — W,  K. 
Para.  231  of  Report  on  the  Administration  df  Travancore  for  the  year  1881-82  (W.  Logan). 
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a  ban-el  of  oil  had  suddenly  been  started  below  the  surface,  but  Mr.  Crawford  has  seen  some  bunt 

and  throw  np  roots  and  trunks  of  trees,  and  it  would  appear  that 
Alhjppy  ban?,  bu?  Narraka^      the  mud  bank  thus  formed  is  gradually  carried  down  the  coart  by  the 

ia  fixed.  I  think,  howeTer.he  littoral  currents,  and  after  a  certain  distance  has  been  traYelled,  era- 
is  riflrht 

dually  wastes  away,  and  that  in  place  of  this  bonk  returning  to  its 

original  position  it  is  a  fresh  mud  bank  that  is  thrown  up  at  certain  periods  in  the  Ticinify  of 
AUeppy,  which,  it  should  be  noted,  has  the  narrowest  strip  of  land  between  the  bickwater  and  the 
f;e.a.  The  theory  that  the  mud  bank  is  immediately  connected  with  and  dne  to  the  height  of  the 
backwater  being  above  the  sea  was,  I  think,  conclusively  proved  this  monsoon,  as  at  the  height  of 
the  floods,  when  the  canals  were  6  feet  above  ordinary  level,  the  area  of  the  smooth  water  off 
AUeppy  was  so  great  that  it  was  only  by  means  of  a  good  telescope  and  standing  20  feet  abore 

sea-level  that  I  could  see  the  breakers  and  heavy  rollers  beyond  the 
de™!    ^  ^^   ^^^  ^^'      ^^^  ^^^^^^  °*  smooth  water.    Tliis  flood  was  on  the  18th   June  and 

was  followed  by  a  rapid  fall,  and  the  half  circle  of  smooth  water  of 
the  sea  beach  contracted  ns  the  waters  fell.  The  floods  again  rose  inland,  and  the  smooth  water 
circle  expanded  in  proportion. 

'*  The  mud  itself  is  of  a  peculiar  character  and  so  soft  that  a  light  lead  (4  fts)  put  over  the  end 
of  a  pier  apparently  shows  2  fathoms  of  water,  but  on  drawing  up  the  line,  6  feet  is  found  to  be 
water  and  6  feet  soft  oily  mud. 

**  There  are  other  points  which,  although  I  do  not  profess  to  sufficient  scientific  knowledge  to 
show  the  connection  between,  with  the  mud  bank,  I  think  should  be  noted,  as  this  natural  smooth 
water  anchorage  has  been  a  source  of  much  discussion  in  scientific  circles,  and  I  believe  that  aoj 
notes  given  of  the  formation  of  the  land  must  be  of  interest, 

**  I  cannot  give  dates  as  I  have  no  records,  but  it  is  certain  that  the  coast  from  about  north 
of  Calicut  to  south  of  Quilon  was  once  well  above  the  level  of  the  sea,  and  was  after  a  long  period 
totally  submerged  and  then  again  was  thrown  up  by  volcanic  action  and  has  again  been  partially 
covered  by  sea.  I  state  this  because  in  eutting  the  Warkilli  tunnel,  trees  were  found,  and  also 
shells  have  been  found  on  the  coast  which  are  known  to  belong  to  a  class  of  shell-fish  that  only 
live  in  very  deep  water.  Remnants  of  a  fort  at  Poracaud  were  visible  30  years  ago,  and  at  Calicut 
and  Vypeen  massive  buildings  are  now  in  the  sea. 

**  Secondly,  I  should  note  that  deep  pot-holes  exist  in  the  big  lake  East  of  AUeppy  of  from 
20  to  70  feet  in  depth,  which,  seeing  that  lake  is  for  the  most  p&rt  only  a  few  fSeet  deep,  is  a 
curious  circumstance  and  would  tend  to  strengthen  the  belief  that  1  have  heard  ezpresaed,  that 
subterranean  rivers  connect  the  baekwatcr  with  the  sea. 

**  The  area  of  the  lake  to  which  I  refer  is  nearly  100  square  miles,  and  its  nearest  point  to  the 
sea,  3  miles.  With  a  rise  of  4  feet,  or  as  occurred  in  the  floods  of  1882,  of  6  feet,  it  can  be  easily 
believed  that  the  enormous  pressure  thus  caused  would  force  relief  ways  for  itself  below  the  coast 
line  through  soft  mud  easier  than  through  ground  which  is  densely  covered  with  cocoanut  trees, 
the  fibrous  roots  of  which  bind  the  ground  into  a  solid  mass. 

*'  A  similar  mud  bank  exists  off  Narrakal,  and  1  have  often  heard  it  put  forward  as  an  aigu- 

,3    X,-         X.-       J        ment  that  mud  banks  on  this  coast  do  not  shift,  but  I  think  the  steadi- 
I  womcLnitnerBaytneBaDa*  ji^,      «iiw-^-r        y    t  »     -*      .     ,%  .--. 

bonks  at  mouth  of  Crania-      ness  of  the  bank  oflc  Narrakal  is  due  to  the  enormous  body  of  water 

littoral 'JSJenflN?  to  S^      ^^^^^  "^"^  ^"^  ^  ™^^®'  ^^^^^  ^™  ^^®  ^°<^^^°  harbour  and  which 
fromcanylDg  it  away.  scour  throws  up  sand-banks  which  probably  tend  to  prevent  the  shift- 

^'  ^         ing  that  would  otherwise  take  place. 

"  Other  smaller  mud  banks  occur  at  different  places,  but  are  of  too  small  an  area  to  be  available 

for  any  shipping  business,  but  they  all  show  a  progressive  tendency  southwards." 

Narrakal,  or  Cochin,  Bank. — The  only  information  I  can  find  concerning  this 
bank  is  from  two  pai)er8  in  tlie  Madras  Journal  of  Literature  and  Science,  >  by 
Dr.  Day  and  Captain  Mitchell. 

>  Vol.  XXII.,  N.  S.  6,  pp.  260  and  264,-1861 ;  "  Narrikal  or  Cochin  Mud  Bank."  By  Francis 
Day,  Civil  Surgeon,  Cochin;  and  "The  Mud  Bank  at  Narrikal,  near  Cochin;  its  composition,  as 
exhibited  by  the  microscope."    By  Lieutenant  J.  Mitchell. 
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In  the  first,  the  following  extract  is  given  from  Stavorinns,  the  Dutch  Navi- 
gator, who  so  far  hack  as  1777  wrote  :— 

"  Coast  is  safe  and  clear  everywhere  along  the  Company's  establishment,  except  at  the 
mouth  of  the  river  of  Cranganoor,  where  there  is  a  reef  at  the  north  side  which  stretches  out  to 
the  sea,  about  three-quarters  of  a  league ;  it  is  called  the  reef  of  Aycotia  by  our  Navigators ;  before 
Cojlang  (Quilon)  there  is  a  similar  one  but  which  does  not  extend  half  so  far  out.  South  of  the 
above-mentioned  mouth  of  the  river  of  Cranganoor,  there  is  a  bay,  formed  by  mud  banks  :  like- 
wise one  not  far  from  Porca,  and  another  south  of  Cochin :  the  banks  forming  which  extend 
full  a  league  out  to  sea,  and  into  which  vessels  may  run  with  safety  during  the  bad  monsoon, 
and  may  lie  in  twenty  and  less  feet  of  water,  almost  without  anchors  or  cables,  in  perfect  security 
•gunst  the  heavy  seas,  which  then  roll  in  upon  this  lee-shore,  as  they  break  their  force  upon  the 
toft  mud  banks,  and  within  them  nothing  but  a  slight  motion  is  perceived/' 

Dr.  Day  continnes  :— 

"  In  Horsburgh's  East  Indian  Directory,  fifth  edition  1841,  page  612,  it  is  stated  under  the 
head  of  Cranganoor  Fort—'  From  the  south  point  (of  Aycotia  or  Cranganoor  river)  a  mud  bank 
with  3  fHthoms  on  it,  projects  out  near  two  miles  to  seaward.' 

"  From  the  foregoing  it  appears  that  a  bay  protected  bj  mud  banks  existed  between  the 
month  of  the  Crangpanoor  river  towards  Cochin  in  1777  and  then  appears  to  have  been 
well  known.  At  present,  the  same  protected  spot  exists,  but  it  is  no  longer  a  bay,  and  for 
the  following  reason.  Though  the  northern  projection  of  the  coast  at  the  mouth  of  the  Cran- 
ganoor river,  forming  the  northern  extremity  of  the  '  mud  bay,'  is  still  present,  the  southern 
projeetaon,  or  that  between  Narrikal  and  the  mouth  of  the  Cochin  river,  is  gone,  having  in  fact 
been  covered  by  the  sea  (at  this  place  a  church  stood,  which  is  now  submerged) :  had  it  not  been 
so,  a  '  mud  bay '  would  still  be  present.  It  is  curious  that  this  law  of  encroachments  of  the  sea 
is  now  the  rule  on  the  Western  Coast,  because  tradition  ^  and  an  examination  of  the  geology  of 
the  country  both  lead  to  the  conclusion  that  the  sea  formerly  washed  up  to  the  Western  Gh4uts ; 
thus  Malabar  has  been  literally  raised  from  the  sea. 

''  During  the  south-west  monsoon,  the  rivers  on  the  Western  Coast  swell  to  a  g^eat  extent, 
and  become  loaded  with  alluvial  deposits.  Should  any  obstruction  occur  at  their  outlets, 
deposits  sometimes  take  place,  as  at  the  Cranganoor  and  Quilon  rivers,  where  mud  banks  have 
been  so  formed.  Whether  the  impediment  to  the  alluvial  deposit  being  carried  out  to  sea  is 
merely  owing  to  the  action  of  the  S.  W.  monsoon  causing  a  great  impetus  to  the  waves  as 
they  meet  the  river  at  its  exit,  or  whether  other  causes  also  obtain,  must  be  questioned.  In 
forming  the  Narrikal  mud  bank,  a  reef  of  rocks,  the  Aycotia  reef,  at  the  mouth  of  the  Cranga- 
noor river,  appears  to  have  prevented  the  S.  W.  monsoon  from  cansing  a  divergence  of  the 
river's  mouth  to  the  northward  (as  invariably  takes  place  on  the  western  coast  unless  that  bank 
is  protected) ;  this  reef  (Aycotia)  has  probably  assisted  in  the  formation  of  the  Narrikal,  or,  more 
properly  speaking,  the  Cranganoor  mud  banks. 

'*The  whole  of  the  long  islands,  between  the  backwater  and  the  sea,  are  evidently  merely 
alluvial  deposits,  brought  down  by  the  various  rivers  in  their  course  from  the  Western  Qh&utt. 
The  direction  of  these  mud  banks  being  the  same  as  the  long  islands  and  the  character  of  the  soil 
being  similar,  demonstrates  the  causes  of  their  origin  to  be  probably  identical.  In  short,  the  mud 
banks  are  alluvial  matter,  brought  down  by  the  rivers  and  deposited  in  the  sea  where  it  meets  the 
force  of  the  S.  W,  monsoon.' 

"  Though  Narrikal  owing  to  its  being  the  nearest  place  to  Cochin  is  mentioned,  the  density 
of  the  water  is  greater  proceeding  towards  the  Cranganoor  river.  It  becomes  very  thick  and 
black,  and  large  pieces  of  flat  hard  mud  begin  to  be  perceived  lying  on  the  shore,  about  one  mile 

'  "  In  a  MSS.  account  of  Malabar,  by  Heman  Lopez  de  Castaneda,  in  1525,  it  is  said 
that  little  more  than  2,800  years  ago  the  sea  came  up  to  the  Western  Qh&uts."— (Note  by  Dr. 
Day.) 

*  "  During  the  S.  W.  monsoon,  the  sea  -/or  several  miles  beyond  the  entrance  of  the  larger 
riveri  is  no  longer  salt."— (Note  by  Dr.  Day.) 
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north  of  Narrikal,  having  heen  thrown  op  by  the  sea.  Passing  on  towards  Cranganoor,  a  large 
bank  of  the  same  substance  exists,  evidently  brought  down  by  the  river,  and  this  is  one  source 
from  which  the  mud  buy  receives  n  fresh  supply." 

*  •  *  *  *  •  •  •  •  •"No  gases  arise  from  the  water,  nor 
oily  substance  (as  has  been  suggested)  floats  upon  it.  It  is  simply  the  action  of  the  sea  which 
prevents  the  subsidence  of  the  mud,  for  as  soon  as  placed  in  a  still  vessel  it  sinks.  The  shore  is 
sandy,  but  amongst  the  sand  alluvial  deposit  exists.  The  smoothness  of  the  sea  is  well  described 
by  Stavorinus." 

•*•••"  The  mud  has  an  unctuous  sticky  feeling,  and  is  not  gritty  unless 
mixed  with  sand.  It  is  of  a  very  dark  greenish  colour,  has  but  a  slight  odour  and  subsides  in 
water. — Cochin,  6th  September  1861." 

I  have  already  referred  to  the  organisms  described  in  Captain  Mitchell's 
paper,  but  he  thus  writes  of  the  banks  and  the  mud  : — 

"  Captain  Castor  reports  the  existence  of  an  extensive  mud  flat,  which,  commencing  about  half 
a  mile  south  of  the  village  of  Narriknl,  extends  to  the  north  for  about  four  miles.  Within  this 
space,  in  the  height  of  the  S.  \V.  Monsoon,  he  found  the  sea  without  a  ripple!  But  the 
greatest  stillness  of  the  sea  and  the  total  absence  of  surf  from  the  beach  prevailed  between  a 
village  named  Narambolum  and  Narrikal,  a  distance  of  about  one  and  a  half  miles ; — at  this  point 
Captain  Castor  was  always  able  to  embark  from  the  beach  in  a  small  canoe. 

"  The  mud  appeared  to  be  exceedingly  soft  and  permitted  a  7 -lb.  lead  to  penetrate  it  to  the 
depth  of  three  feet  in  some  parts  where  there  was  a  superstratum  of  from  six  to  ten  feet  of 
water.  Beyond  the  depth  of  sixteen  feet  the  bottom  attains  greater  consistence  and  appears 
good  holding  ground.  Three  miles  and  a  half  from  the  shore  the  depth  was  five  and  a  half 
fathoms  and  gradually  shoaled  towards  the  shore.  We  are  left  to  conclude  that  the  bank  extends 
to  that  distance  from  the  shore,  but  this  is  not  distinctly  stated  in  the  published  account. 

"  The  small  quantity  sent  to  me  was  damp,  and  appeared  very  firm  and  tenacious ;  it  had, 
however,  been  somewhat  compressed  by  the  waterproof  wrapper  in  which  it  was  packed.  To 
ascertain  if  it  contained  any  minute  shells  a  portion  wns  placed  in  water,  but  it  did  not  break  up 
readily,  and  as  I  wished  to  avoid  any  violence  that  would  destroy  such  delicate  structures,  I 
allowed  it  to  soak  for  tweuty-four  hours.  On  shaking  it  up  at  the  expiration  of  that  time  I 
found  that  at  least  half  of  it  could  not  be  separated  in  that  way.  I  therefore  pressed  it  gently 
with  a  glass  rod ;  it  resisted  the  pressure,  much  in  the  way  that  a  stiff  piece  of  jelly  would  do,- 
exhibiting  considerable  elasticity,  as  well  as  tenacity,  and  it  is  doubtless  these  properties  that 
enable  it  to  break  the  force  of  the  waves: — acting  like  an  immense  spring,  it  yields  to  their  pres- 
sure,  but  in  the  encounter  the  water  loses  its  force  and  becomes  quiescent,  while  the  mud  gently 
expanding  again  is  ready  for  a  fresh  encounter." 

I  will  now  conclude  this  descriptive  portion  of  my  paper  with  a  short  geo- 
graphical sketch  of  the  country  exhibiting  these  phenomena, — that  is,  from  the 
Cranganore  river  southwards  to  Quilon.  This  range  of  coast  is  about  92  miles 
long :  it  is  tolerably  straight — without  an  indentation  giving  at  all  the  form  of  a 
bay— except  at  the  extreme  ends,  where,  at  Cranganore,  there  is  the  long  southerly 
trending  spit  of  the  northern  side  of  the  river's  mouth,  by  all  accounts,  for  I  have 
not  visited  it,  a  reef  perhaps  of  laterite  or  lateritoid  rock  ;  and  again  at  Quilon, 
where  a  sort  of  bay  is  formed  by  another  great  reef  of  laterite  or  lateritoid  rock 
belonging  to  the  Cuddalore  Sandstones  of  the  Survey  classification,  or  the 
Warkilli  beds  of  local  geology.  Much  less  is  there  any  indication  of  a  bay  near 
AUeppy.  The  fact  is,  notwithstanding  the  argument  of  Dr.  Day  in  the  extracts 
given  above,  the  term  "Mud  Bay,"  which  has  been  applied  to  both  places,  may 
perhaps  have  been  adopted  for  an  imaginary  bay  of  smooth  water  enclosed  within 
the  semi-circle  of  breakers  outside.     There  is  no  doubt  that  a  portion  of  the 
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land  near  the  Cochin  end  of  the  Narrakal  bank  was  submerged,  the  church  which 
stood  on  it  having  been  known  to  men  now  living ;  but  there  is,  I  believe,  no 
knowledge  of  this  land  having  had  the  form  of  a  projection  like  the  southern 
arm  of  a  bay.  Be  this  as  it  may,  the  present  shore  line  is  a  straight  one  from 
the  Cranganore  spit  to  the  Quilon  or  Tungumshery  reefs ;  and  it  is  low-lying  or 
only  a  few  feet  above  the  level  of  the  sea,  and  made  up  of  alluvial  deposits  and 
sand.  Inland  from  it,  the  same  low-lying  deposits,  broken  by  backwaters, 
extend  eastwards  for  several  miles  forming  the  lowest  portion  of  the  low  country 
proper  of  Travancore  and  Cochin.  Then  the  ground  rises,  sometimes  suddenly, 
to  a  low  terrace,  now  much  cut  up  and  broken  by  denudation,  which  forms  the 
rest  of  the  low  cotintry  below  the  elevated  mountain  land  or  backbone  of  this  part 
of  Southern  India.  The  low  country — that  is,  alluvial  flats  and  inner  low  terrace 
— seldom  attains  a  greater  width  than  30  miles. 

The  long  stretch  of  alluvial  deposits  bordering  the  sea  is  broken  by  several 
backwaters  or  lagoons,  the  largest  of  which  is  that  extending  northwards  from 
the  parallel  of  AUeppy  to,  and  communicating  with,  the  backwater  of  Cochin. 
The  Alleppy  backwater  is  very  wide  at  its  southern  end,  8  or  9  miles,  bat 
it  is  not  directly  behind  Alleppy,  much  less  behind  the  Alleppy-Poracaud 
mud  bank ;  though  the  principal  rivers  entering  it  flow  northwards  behind  the 
range  of  this  mud  bank.  There  is  no  visible  communication  between  the  Alleppy 
backwater  and  the  sea ;  there  being  no  river  mouth  of  the  least  importance  all 
along  this  coast,  except  at  the  Cochin  backwater,  and  at  Cranganore.  The  rivers 
of  the  country  behind  Alleppy  merely  flow  into  the  Alleppy  backwater,  and,  for 
all  that  can  be  seen  to  the  contrary,  its  waters  flow  out  at  the  Cochin  mouth« 

To  all  appearance,  the  flat  lands  of  the  coast  are  entirely  recent  alluvial 
deposits ;  consisting  of  layers  of  sand  and  mud  overgrown  with  vegetation,  and 
no  doubt  held  together  by  the  roots  of  this  vegetation.  The  water  of  the  lagoons 
is  more  or  less  brackish  and  unfit  for  drinking ;  but  shallow  wells  sunk  in  the 
narrow  coast  tracts  between  lagoon  and  sea  give  fresh  water.  It  is  not,  however, 
certain — although  it  is  most  probable — that  other  deposits,  besides  the  merely 
recent  alluvial  ones,  exist  along  this  coast ;  for  at  the  Quilon  end  there  is  every 
reason  to  expect  that  the  Cuddalore  sandstones  (laterite)  are  underlaid  by  a  peculiar 
set  of  clays  and  muds  with  seams  of  lignite  and  other  vegetable  matter,  like  those 
exhibited  further  down  the  coast  at  the  base  of  the  Warkilli  cliffs.'  It  is  true  that 
the  dip  of  the  Warkilli  clays  and  lignite  is  to  the  northward,  and  that  they  must,  or 
ought — provided  no  disturbance  has  taken  place — to  lie  deep  under  the  Tungum- 
shery laterite  ;  but  this  dip  is  very  low,  and  a  rise  of  these  strata  again  further  to 
the  north  would  not  be  unusual.  Certainly  the  lumps  of  blue  clay,  described  by 
Mr.  Crawford  as  being  turned  up  in  the  "  cones  "  of  mud  or  water  off  Alleppy, 
answer  to  the  lumps  of  clay  which  have  fallen  down  from  the  lower  part  of  the 
Warkilli  cliffs  :  and  the  lumps  of  hard  mud  mentioned  by  Dr.  Day  as  occurring 
at  Narrakal,  which  I  have  also  seen  myself,  have  a  similar  constitution  and 
looked  to  me  as  though  they  had  been  broken  off  from  outcrops  in  the  Narrikal 
sea  bed.     Mr.  Crawford  also  mentions  his  having  passed  through  a  "  crust  of 

»  See  Rcc.  G.  S.  I.,  Vol.  XV,  pt.  2,  p.  93. 
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chocolate-colored  sandstone,  or  a  conglomerate  mixture  of  that  and  lignite ;" 
which  strata  answer  very  well  to  certain  rocks  at  Warkilli. 

The  proper  alluvial  flats  do  not  extend  further  east  from  the  shore  line  than 
14  or  15  miles ;  and  the  further  inland  alluvial  flats  of  the  rivers,  which  are  veiy 
distinct  and  wide,  do  not  extend  further  east  than  20  or  22  miles :  thus  the  abso- 
lute head  of  water  which  could  be  obtained  in  subterranean  water-bearing  strata 
would  never  be  very  high.  Indeed,  for  all  practical  purposes,  in  this  connection, 
the  head  of  water  looked  for  in  the  surmises  of  previous  observers,  can  only 
be  that  attained  by  the  flooding  of  the  backwaters. 

The  term  "  volcanic  "  has  been  used  occasionally  by  previous  observers,  per- 
haps rather  as  a  descriptive  term  than  as  referring  to  any  volcanic  action ;  but  the 
elevation  or  depression  of  the  land  is  fully  recognized  as  having  taken  place 
within  comparatively  recent  periods.  It  is,  however,  a  question  whether  there 
may  not  be  an  intimate  connection  between  some  of  these  earth  movements  and  a 
line  of  volcanic  action  which,  though  now  latent,  is  apparently  indicated  by  the  lie 
of  the  Maldive  and  Laccadive  groups  of  coral  islands ,  and  yet  further  north  the 
"Angrias"  and  "Direction*'  banks.  At  the  same  time,  I  do  not  wish  to  press 
this,  possibly  to  some  readers  far-fetched,  volcanic  element  into  the  discussion, 
except  in  so  far  as  that  it  may  not  be  lost  sight  of  in  future  observations.  Be- 
sides, as  will  be  seen,  I  do  not  think  the  observations  made  up  to  this  time,  or 
the  theories  offered  in  explanation  of  them  meet  all  the  features  exhibited  by 
these  Travancore  mud  banks. 

On  a  close  review  of  the  information  given  in  the  various  papers  above  quoted, 
it  is  clear  that  both  banks  have  practically  the  same  constitution,  behave  similarly, 
and  have  the  same  accompaniments,  with  the  exception  of  the  violent  discharges  of 
mud  or  oil,  which,  so  far  as  our  knowledge  goes,  are  confined  to  the  Alleppy- 
Poracaud  bank. 

In  considering  flrst  the  mud  itself  of  these  banks,  it  is  to  be  remarked  that  it 
is  full  of  organic  matter,  and  that  it  contains  a  sensible  amount  of  oil,  some  of 
which  may  have  been  derived  from  the  decomposition  of  organisms.  In  all  seasons 
it  is  easily  stirred  up,  and  it  never  settles  down  into  a  uniformly  compact  deposit, 
but  has  an  upper  stratum  in  a  greater  state  of  liquidity  than  its  lower  depths. 
It  occupies  particular  areas  within  well-defined  ranges  of  movement ;  it  certainly 
moves  from  north  to  south  within  these  ranges,  but  there  is  no  surety  that  it 
moves  back  again.     This  movement  continues  over  periods  of  years. 

Now  with  regard  to  the  progress  southwards  ceasing  at  certain  points,  as  at  the 
northern  edge  of  the  Cochin  river  mouth  and  at  Poracaud.  A  satisfactory  explan* 
ation  can,  I  think,  be  given  for  Narrakal,  in  the  Cochin  river,  which  always 
flows  out  at  a  great  rate,  carrying  the  mud  out  to  sea.  We  have  no  such  mode  of 
transport  evident  at  Poracaud.  The  southerly  movement  must  be  attributed  to 
littoral  currents  acting  over  long  periods  on  tenacious  muds,  which  may  really 
only  be  evolved  in  large  quantities  at  intermittent  periods.  Mr.  Bohde's  sugges- 
tion that  the  mud  bank  of  Alleppy  does  not  travel  northwards  again,  but  becomes 
dissipated  at  the  southern  extremity  of  its  range,  is  very  plausible. 

Regarding  the  water  over  the  mud :  it  is  only  known  to  calm  down  during 
the  south-west  monsoon.     There  is  no  observation  showing  how  it  may  be  affected 
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in  stormy  weather  at  other  seasons.  Still,  I  was  led  to  nnderstand,  when  in  per- 
sonal communication  with  Mr.  Crawford  *  in  1881,  that  the  calming  of  the 
anchorages  does  not  take  place  nntil  after  the  monsoon  has  commenced,  and 
there  has  been  a  stirring  up  of  the  sea  and  mud.  The  quieting  of  the  waters  is 
intensified  according  to  the  amount  of  rainfall  during  the  monsoon ;  but  even 
if  no  rain  fall,  there  is  a  certain  amount  of  quiescence.  The  calmness  continues 
throughout  the  monsoon,  apparently  without  any  fresh  stirring  up  of  the  mud. 
In  one  locality  at  least,  the  water  is  subject  at  times  to  violent  agitation  through 
the  bursting  up  of  g^'gantic  bubbles  of  water,  mud,  or  gas, — it  is  not  quite  clear 
which  ;  and  these  features  also  appear  to  be  intensified  during  heavy  rainy  wea- 
ther in  the  monsoon  periods.  The  water  over  the  banks  becomes  considerably 
freshened,  even  to  the  extent — as  I  was  told  by  Mr.  Crawford — of  being  drink- 
able ;  also  accordiug  as  the  monsoon  rains  are  light  or  heavy.  At  such  times, 
also,  the  water  gives  off  fetid  odours,  and  the  fish  inhabiting  it  are  killed  off  in 
large  numbers  ;  but  whether  owing  to  the  freshening  of  the  sea- water,  or  the  exhi- 
bition of  poisonous  matter  and  vapour  in  the  water,  is  not  clear :  perhaps  this 
destruction  of  life  may  be  due  to  both  causes. 

The  old  idea  of  the  mud  bank  acting  as  an  elastic  barrier  against  which  the 
wild  seas  sank  into  such  marvellous  quietude  must  be  given  up  in  part  at  least, 
now  that  we  have  got  the  more  reasonable  soother  of  troubled  waters  in  the  oily 
constitution  of  the  mud.  There  is,  of  course,  the  difficulty  of  citing,  or  indeed  the 
absolute  want  of,  authoritative  obsei*vation  of  the  action  of  oil  on  troubled  waters  ; 
but  tradition  and  anecdote  are  undoubtedly  in  favour  of  it,  while  there  are  the  news- 
paper accounts  of  the  experiment  which  was  tried  a  year  or  so  ago  in  the  harbour 
of  Peterhead,  when  a  stream  of  oil  was  cast  upon  the  heavy  seas  at  the  harbour's 
mouth  with  such  success,  that  vessels  were  enabled  to  run  in  with  comparative 
ease.  Even,  while  writing  the  present  paper,  I  have  had  an  opportunity  of  trying  a 
very  simple  experiment  on  one  of  the  Calcutta  tanks,  while  a  slight  breeze  rippled 
its  surface.  On  throwing  in  about  a  wine-glassful  of  petroleum  or  earth-oil  on  the 
lee  side  of  the  tank,  the  oil  spread  out  rapidly  over  the  water  against  the  breeze  ; 
the  effect  was  instantaneous  and  decided,  the  sharp  ripples  being  quieted  down  to 
longer  smooth  undulations,  while  there  was  a  distinct  semi-circular  edge  of  the 
oiled  water  beyond  which  the  ripples  kept  up  their  sharper  action.  In  another 
place,  on  the  side  of  the  tank  past  which  the  breeze  was  blowing,  a  handful  of  the 
oil  was  thrown  out  on  the  waters.  The  oil  immediately  spread  itself  over  the 
water  in  a  thin  film,  along  the  outer  edge  of  which  the  freshening  breeze  occa- 
sionally combed  the  wavelets,  and  within  the  area  of  the  film  the  ripples  were 
smoothed  down  to  quiet  and  long  undulations.  The  effect  soon  passed  off,  how- 
ever, while  the  film  of  oil  soon  lost  its  sharpness  of  outline  ;  so  that  it  is  evident 
if  any  continued  quietness  is  to  be  kept  up  in  water  with  oil,  the  supply  of  it 
must  be  continuous. 

In  the  case  of  the  mud  banks,  it  can  easily  be  conceived  how  the  stirring  up 
of  the  mud  in  the  beginning  of  the  monsoon  should  produce  temporary  calmness ; 

'  Mr.  Crawford  is  now  living  in  retirement  on  the  Pnrmerd  hills  of  Travancore,  and  it  was 
here  I  had  the  pleasure  of  talking  with  him  ahout  the  Alleppj  const,  which  he  knows  so  intimately 
for  more  than  thirty  years. 
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but  there  is  considerable  difficulty  in  accounting  for  the  long  continuance  of 
quiescence  without  any  fresh  stirring  up.  There  is  certainly  the  fact^that  the 
upper  stratum  of  mud  continues  in  an  extreme  state  of  liquidity  or  attenuation 
in  the  water,  and  that  thus  a  sort  of  restlessness  and  freeing  of  oil  particles  may 
be  going  on  for  a  long  period ;  but  I  think  we  must  look  to  a  further  supply  from 
hidden  sources,  which  are  indicated  by  the  more  violent  burstings  forth  of  water, 
or  mud,  or  oil,  in  the  form  of  "  cones." 

An  observation  which  would  have  been  of  the  greatest  use  in  this  enquiry  is 
wanting,  however,  and  that  is  as  to  the  condition  of  the  surface  of  the  water  at 
such  times,  or,  in  other  words,  whether  a  film  of  oil  exists  on  it. 

The  amount  of  oil  derivable  from  the  decomposition  of  the  animal  and  vege- 
table matter  of  the  organisms  in  the  mud  would  be,  I  am  inclined  to  think,  hardly 
sufficient  to  account  for  the  features  exhibited  ;  hence  it  is  necessary  to  look  to 
other  sources  for  the  oil ;  and  even  to  a  source  for  the  continued  supply  of  the 
mud  itself,  which  is  evidently  carried  away  and  distributed  by  littoral  currents. 

The  consensus  of  observation  and  opinion  certainly  leads  to  the  conclusion  thai 
there  is  an  underground  discharge  of  water  at  any  rate  into  the  sea  from  the  lagoon 
and  river  system  behind  the  Alleppy-Poracaud  coast  during  fiood  time,  the  inland 
waters  being  at  a  higher  level  than  the  sea.  The  accounts  of  such  a  condition  of 
affairs  at  the  Narrakal  bank  are,  however,  not  so  clear ;  besides  there  is  the  free 
opening  at  the  Cochin  river  mouth.  Still,  underground  discharges  of  lesser 
intensity  may  take  place  ;  while  the  lesser  pressure  likely  to  be  brought  to  bear  on 
this  part  of  the  seaboard  may  also  account  for  the  absence  of  violent  exhibitions 
like  those  ofE  AUeppy.  This  passage  of  underground  waters,  as  suggested  by 
Mr.  Crawford,  must  then,  more  particularly  during  heavy  rains,  force  out  large 
quantities  of  the  mud  on  which  the  -Alleppy-Poracaud  land  rests, — as  it  were  like 
a  floating  bog,  elastic  and  capable  of  yielding  to  pressure,  or  exerting  pressure  by 
its  own  weight;  while  a  continuous  stream,  even  though  very  small,  of  the  same 
oil  and  mud,  may  bo  kept  up  under  the  lower  pressure  of  ordinary  backwater 
level.  Not  only  would  the  underlying  sludge  and  its  products  be  forced  out,  but 
it  is  conceivable  that  the  mud  from  the  backwater  should  find  its  way  into  the 
same  vents,  and  for  a  time  replace  that  carried  off  in  the  first  instance,  oil  and 
gases  being  absorbed  in  it  during  that  time  of  replacement. 

Excessive  floods  in  the  monsoon  time  only  occur  at  long  intervals ;  and  the 
greater  discharges  of  mud,  oil,  and  gases  would  then  take  place ;  in  fact  just  as 
they  really  do  at  irregular  intervals.  At  such  times  new  banks  might  be  formed ; 
for,  during  the  quieter  intermediate  season  the  old  ones  might  be  distributed  down 
the  coast  by  littoral  currents,  and  become  finally  dissipated  into  the  open  sea. 

Be  this  as  it  may,  if  Mr.  Crawford  is  right,  then  the  source  of  the  mud  is 
evident,  and  its  expulsion  from  beneath  the  Alleppy  land  is  explained  at  once  by 
the  hydraulic  pressure  inland,  if  it  even  be  only  through  a  head  of  6  feet  at 
abnormal  periods  of  flood  time. 

Speculation  of  this  kind  must,  however,  be  kept  in  abeyance,  until  further 
evidence  is  obtainable  as  to  the  character  of  the  sludgy  stuff  under  Alleppy,  and 
of  the  muds  in  the  backwater,  particularly  over  the  deep  holes  referred  to  by 
Mr.  Crawford,  as  also  of  the  mud  in  the  sea  outside  the  banks  themselves.    A  deep 
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boring  at  Alleppj  itself  wonld  clear  np  much  obscurity,  and  it  might  tell  moro  of 
the  supposed  Warkilli  beds. 

The  presence  of  petroleum  has  in  any  case  to  be  accounted  for ;  and,  up  to  this 
time,  there  is  no  observation  showing  that  it  occurs  in  any  of  the  lagoon  deposits 
per  se.  There  is  at  the  same  time  an  indication  of  the  possibility  of  other  deposits 
besides  the  alluvial  ones,  in  the  fact  that  large  lumps  of  clay  or  compacter  mud, 
and  vegetable  remains  in  a  more  or  less  decayed  form,  are  brought  to  the  surface 
daring  the  prevalence  of  the  violent  ebullitions.  Mr.  Crawford,  it  must  not  bo 
forgotten,  also  mentions  his  having  met  with  a  chocolate-colored  sandstone  or  a 
conglomerate  mixture  of  that  and  lignite.  Such  clays  do  occur  in  the  Warkilli 
deposits,  and  they  are  associated  with  lignite  beds,  in  which  occur  trunks  and 
roots  of  trees  in  every  stage  of  decay;  some  completely  carbonized,  and  others  so 
fresh  that  they  can  be  cut  up  and  used  for  making  f  arniture.  It  may  then  be  that 
these  Warkilli  deposits  extend  northwards  under  the  Alleppy-Poracaud  alluvium* 
and  even  again  at  Narrakal,  where  also  fragments  of  similar  clays  are  thrown  up 
by  the  sea ;  and  that  it  is  from  these  deposits  as  being  deeper-seated,  older,  and 
lignitiferous  that  the  earth-oil  is  generated.  I  am  even  inclined  to  look  further 
for  an  agent  in  the  generation  of  this  oil,  like  that  adduced  by  Mr.  Mallet  in 
his  paper  on  "  The  mud  volcanoes  of  Ramri  and  Cheduba,'"  where  he  suggests 
the  possibility  of  oil  and  gas  being  generated  in  lignitiferous  strata  under  the 
inflaence  of  moderate  heat  arising  from  a  line  of  volcanic  energy ;  such  a  line, 
as  I  have  suggested,  possibly  lying  parallel  to  the  west  coast  of  India. 

However,  for  the  present  it  is  best  to  keep  within  the  sphere  of  more  evident 
causes  shown  by  the  observations  which  have  been  made.  Thus,  the  conclusion 
seems  inevitable,  that  the  banks,  their  smoothening  influence,  and  their  position 
within  certain  ranges  of  the  coast,  may  be  entirely  due  to  the  following  causes  : 
First ;  the  discharge  of  mud  from  under  the  lands  of  Alleppy-Poracaud  and 
Narrakal,  this  being  effected  by  the  percolation  or  underground  passage  of  lagoon 
water  into  the  sea.  Second ;  the  presence  in  this  mud  of  oily  matter,  derived 
perhaps  in  part  from  the  decomposition  of  organisms,  but  principally  from  the 
distillation  of  oil  in  subjacent  lignitiferous  deposits  belonging  presumably  to 
Warkilli  strata.  Third ;  the  action  of  littoral  currents  which,  slowly  and  through 
long  periods  of  years,  carry  the  mud  down  the  coast  to  certain  points  whence  it  is 
dissipated  seawards,— by  the  Quilon  river  at  Narrakal,  and  at  Poracaud  because 
it  is  there  beyond  the  range  of  replacement. 


Bough    notes  on    Billa   Surgam  and  other  caves  in  the  Kumool   District,   by 
R.  Beuce  Footb,  F.Q-.S.,  Deputy  Superintendent,  Geological  Survey  of  India. 

The  following  notes  embody  the  results  attained  up  to  the  present  by  the 
examination  and  partial  exploration  of  Billa  Surgam  and  several  other  caves  in 
Kumool  district.  This  work  was  undertaken  at  the  instance  of  His  Excellency 
the   Bight   Honourable  M.  E.  Grant  DufF,  Governor  of  Madras,  who  had  been 

*  Eecords,  G.  S.  I.,  XI,  pt.  2,  p.  lOO. 


28  Records  of  the  Geological  Surrey  of  India.  [you  XTii. 

requested  by  Professor  Huxley  to  procure  the  further  exploration  of  "  Billa 
Surgam,"  a  place  where  the  late  Captain  Newbold,  F.R.S.,  had  discovered 
some  ossiferous  caves.  The  caves  had  been  practically  lost  sight  of  for  many 
years,  and  their  locality  was  quite  unknown  to  the  district  officials,  both 
European  and  native,  and  to  many  of  the  natives  even  in  the  near  neigh- 
bourhood. Captain  Newbold's  very  brief  paper  on  these  caves,  published  in 
the  Journal  of  the  Asiatic  Society  of  Bengal  in  1844,^  was  unknown  to  my 
colleague,  Mr.  King,  when  he  surveyed  that  region,  and  remained  unknown  to 
him  (and  myself)  till  after  the  completion  of  the  work  in  Kumool  district. 

My  visit  to  the  neighbourhood  of  Banaganpalli,  which  is  the  nearest  place 
of  any  importance  to  the  caves,  resulted  in  the  re-discovery  of  Billa  Surgam 
and  the  fresh  discovery  of  several  other  caves,  one  of  which  is  of  large  size 
and  of  great  interest  geologically,  as  being  a  very  typical  example  of  the  solvent 
and  eroding  action  of  water  in  limestone  on  a  large  scale. 

Billa  Surgam, 

Billa  Surgam  lies  on  the  south  side  of  a  narrow  valley  opening  on  the  east 
side  of  the  Yerra  Konda  or  Red  Hills,  the  range  of  low  hills  and  plateaus 
forming  the  western  side  of  the  Kumool  basin.  Its  position  is  a  mile  north- 
north-east  of  that  assigned  to  it  by  Newbold,  and  it  lies  3  miles  east-sonth- 
east  of  Betumcherru  (Baitumcherloo)  in  the  south-eastern  comer  of  Nandyal 
taluq.  It  may  be  described  as  consisting  of  three  deep  but  very  short  "  canons'* 
joined  by  natural  arches.  The  various  caves  open  into  the  cafions  at  different 
levels.  The  cafions  themselves  were  once  caves  of  large  size,  the  roofs  of  which 
have  fallen  in,  in  great  part.  The  ground  plan  of  the  place  may,  for  sake  of 
illustration,  be  compared  to  a  rather  distorted  figure  of  3,  the  two  piincipal 
caves  being  situate  on  the  right  side  of  the  upper  and  lower  parts  of  the  figure. 
The  floor  of  these  two  caves  is  considerably  above  the  level  of  the  bed  of  the  stream, 
which  in  wet  weather  flows  through  the  canons.  These  two  caves  are  the  only 
^  -^       ^  ones    answering    to     Newbold*s    description;  both,   and 

especially  the  larger  one,  are  well  furnished  with  stalac- 
tites, and  in  the  latter  it  is  probable  that  a  large  quantity  of  stalagmite  will  be 
found  under  the  present  floor.  In  both  cases  this  is  formed  of  a  loose  blackish- 
grey  soil,  largely  made  up  of  the  dropping  of  birds,  bats,  and  other  animals. 
The  walls  of  the  larger  (southern)  caves  were  unfortunately  in  the  occupation 
of  a  large  colony  of  wild  cliff  bees ;  no  fewer  than  18  nests,  several  of  immense 
size,  hung  within  the  cave  and  immediately  above  the  place  where  excavation 
should  have  commenced.     The  presence  of  such  an  element  of  danger  ■  prevented 

1  Note  on  the  OsBeoas  Breccia  and  Deposit  m  the  caves  of  Billa  Surgam,  lat.  15°  25',  long. 
78°  15',  Southern  India.     Hy  Captain  Newbold. 

2  These  cliff  bees  {Apis  dorsaJa  1)  are  of  verj  unreliable  temper,  and  the  nativea  are  much 
afraid  of  them.  Though  often  inoflensive,  they  are  sometiwes  roused  and  sally  forth  and  attack 
with  great  fury  any  human  being  or  animal  they  may  come  across.  When  working  at  the  Terra 
Zari  Gabbi  (cave),  where  there  was  a  very  large  colony  of  bees,  they  got  excited  several  times 
and  swarmed  down  furiously  into  the  mouth  of  the  cuve  ;  luckily  their  great  noise  gave  us 
warning  and  we  could   escape  into  the  dark  piissages,  whither  they  would   not  follow.      At 
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me  from  commencing  there  at  once,  and  I  began  with  the  smaller  northern  cave 
intfide  which  there  were  no  bees*  nests. 

This  northern  cave  is  70  to  80  feet  high  and  32  feet  wide  at  its  mouth,  and 

decreases  in  height  to  4  feet,^  86  feet  from  the  mouth.  Its 

The  northern  cave.  ^  j-rji.  n  j.  j 

extreme  end  is  formed  by  a  small  passage,  too  narrow  and 

too  low  to  be  followed  up  by  an  adult.     Through  this  passage  and  a  number  of 

small  clefts  in  the  sides  the  mass  of  red  cave  earth  filling  the  bottom  of  the  cave 

was  doubtless  washed  in.     The  cave  earth  as  far  as  excavated  showed  few  pebbles 

washed  in  from  above,  but  masses  of  limestone,  often  of  large  size,  have  fallen 

from  the  roof  in  such  numbers  as  to  add  very  greatly  to  the  labour  of  excavation 

in  some  parts. 

The  floor  of  the  cave  when  I  first  entered  it  consisted  of  a  loose  blackish-grey 
soil,  largely  composed  of  the  droppings  of  blue  pigeons  and  small  animals  living 
in  the  cave.  This  layer  was  thickest  at  the  upper  or  east  end  of  the  cave,  and 
thinned  out  with  the  slope  of  the  ground  westward.  Its  greatest  thickness  was 
about  4  feet,  and  it  contained  a  few  traces  of  human  beings  having  inhabited  the 
cave;  among  them  were  two  small  chank  shells  (Turhinella  or  Mazza)  with  the 
apices  of  their  whorls  broken  off.  These  had  doubtless  been  the  property  of  a 
Gossain  or  some  other  religious  mendicant.  A  few  bits  of  broken  pottery  and  one 
or  two  bits  of  charred  wood  were  also  found  in  this  surface  layer.  In  several 
parts  of  the  cave  the  black  soil  was  found  to  be  full  of  bones  of  small  animals, 
birds,  lizards,  frogs,  and  of  exuviae  of  insects  and  myriapoda  which  appeared  to 
be  derived  from  the  castings  of  predacious  birds.  I  made  a  full  collection  of 
these  for  purposes  of  comparison  with  the  numerous  bones  of  small  animals, 
which,  according  to  Newbold's  account,  abounded  in  the  red  cave  earth  below.* 
These  bones  from  the  upper  layer  were  in  no  way  fossilized, — indeed  many  of 
them  were  quite  fresh. 

On  removing  the  surface  layer  a  bed  of  loose  loamy  red  soil  was  exposed, 
which  had  at  many  points  been  manifestly  disturbed,  but  to  no  great  depth. 
Resting  on  this  disturbed  surface  close  to  the  north  wall  of  the  cave  at  a  spot 
21  feet  westward  from  the  mouth  of  the  small  passage  which  forms  the  east  end 
of  the  cave,  was  a  small  number  of  human  bones  not  mineralized  but  deprived  of 
their  animal  matter.  Among  the  bones,  which  were  all  much  broken,  are  frag- 
ments of  a  skull,  teeth,  ribs,  <&c. 

Billa  Surgam,  however,  there  were  no  dark  passages  into  which  to  retreat.  After  some  time  I 
snccecded  in  getting  the  nests  removed  hj  honey-gatherers,  hut,  despite  that,  many  of  the  swarms 
showed  no  inclination  to  migrate  elsewhere,  and  remnined  when  I  left,  fully  ten  days  after  the 
destruction  of  their  combs.  Those  thnt  left  seem  to  have  joined  the  Yerra  Zari  Qahhi  colony.  I 
had  had  26  large  nests  destroyed  there  in  ho|)c  of  getting  rid  of  the  inhabitants.  Many  left  but 
returned  again,  and  about  a  month  later  I  found  the  colony  had  increased  to  40  nests.  It  is 
Impossible  to  smoke  them  out  on  such  high  clilfs,  and  the  only  way  to  get  rid  of  them  will  be  to 
Uow  them  up  with  powder. 

'  The  heights  given  above  were  those  taken  before  the  removal  of  the  cave  earth  was  oommeneed. 
-  The  day  after  I  commenced  excavating  at  Billa  Surgam,  a  number  of  people  from  the  ad- 
jacent hamlet  of  Kotal  came  over  to  look  at  my  proceedings,  and  one  of  them,  a  very  old  man, 
volunteered  the  information  that  he  remembered  Newbold's  visit,  and  that  his  excavation  was 
made  just  a  little  to  the  west  of  mine.  He  added  that  Newbold  remained  about  three  weeks  at 
Billa  Surgam. 
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From  the  very  small  number  of  bones  found  here,  it  is  more  probable  that 
they  were  introduced  to  the  cave  by  some  beast  of  prey  than  that  they  were  relics 
of  a  burial.  That  these  caves  afford  occasional  shelter  to  wild  animals  at  the 
present  day,  is  shown  by  the  fact  that  most  of  the  narrow  passages  have  been  built 
up  by  the  villagers  to  prevent  the  beasts  from  remaining  permanently.  I  found 
no  traces  at  Billa  Surgam  of  the  continued  residence  of  either  leopards  or 
hyenas,  the  most  common  of  the  larger  camivora  in  these  parts,  though  there 
was  no  reason,  judging  from  the  quiet  mode  in  which  the  cave  earth  had  been 
accumulated,  why  the  Album  Grescum  formed  by  those  animals  should  not  have 
been  preserved,  as  well  as  the  many  minute  bones  which  occur  scattered  through 
the  cave  earth. 

A  little   below  the  surface  the   cave  earth  was  found  to  become  generally 

clayey,  and  in  parts  a  very  stiff  clay.     Red  is  the  prevail- 
Clinracter  of  the  cavo      ing  colour ;  and  the  fallen  masses  of  limestone  of  all  sizes* 
^*"^^  *  adverted  to  above,  are  found  distributed  throughout  and 

give  the  whole  a  distinctly  bedded  appearance.  No  stalagmitic  flooring  was 
met  with  as  far  as  my  excavation  extended,  which  was  to  a  depth  of  15  feet ; 
but  several  bones  were  found  in  the  disturbed  upper  part  of  the  cave  which 
appear  to  have  been  derived  from  a  stalagmitic  breccia.  I  thought  at  the 
time  these  might  possibly  have  been  specimens  lost  accidentally  during  the  pro- 
gress of  Newbold's  excavation,  but  I  did  not  meet  with  any  other  indications  of 
exploration.  It  is,  however,  quite  possible  that  his  excavation  was  made  on  the 
north  side  of  the  cave  and  will  be  found  when  further  exploration  extends  thi- 
ther. My  excavation  was  directed  towards  taking  out  systematically  the  whole 
mass  of  cave  earth  of  the  southern  half  down  to  the  rocky  floor ;  and  it  was 
carried  out  down  to  a  depth  of  14  feet.  I  began  with  the  south  side  as  getting 
the  most  day-light  and  being  therefore  the  most  advantageous  for  observing  the 
section. 

I  am  puzzled  to  know  what  Newbold  meant  by  a  **  gypseous  rock,"  unless  he 
referred  to  some  kind  not  met  with  in  the  northern  cave. 

All  the  bones  that  were  disinterred  during  my  excavations  belong,  so  far  as  it 
was  possible  to  judge  from  cursory  inspection,  to  living  species,  but  seeing  of  what 
great  antiquity  the  caves  must  be  if  estimated  by  the  vast  amount  of  denudation 
the  country  generally  has  undergone  since  their  formation,  there  is  no  prima  facie 
reason  for  doubting  the  existence  of  remains  of  greater  geological  antiquity  in 
the  lower  parts  of  the  cave  deposit. 

From  the  situation  of  the  Billa  Surgam  caves  with  regard  to  the  hills  adjoining 

and  to  the  stream  flowing  through  the  series  of  canons,  I 
re^lte^^      ^      "^    ^     consider  the  prospect  of  really  valuable  finds  very  good,  and 

would  strongly  urge  a  continuation  of  the  exploration  in  an 
exhaustive  manner.  The  brightness  and  comparative  dryness  of  the  caves  must 
have  made  them  very  suitable  retreats  for  savage  men  as  well  as  for  cave- 
loving  animals ;  while  the  peculiar  character  of  the  material  washed  in  has  clearly 
been  very  favourable  to  the  preservation  of  bones.  The  smaller  caves  are  equally 
promising  with  large  ones,  and  there  are  several  rock  shelters  in  other  limestone 
scarps,   and   especially  in  one  north  of  the  hamlet  of  Kotal,  which   should   bo 
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explored.  It  is  bj  no  means  unreasonable  to  hope  that  remains  of  paloeolithic 
man  might  occur  in  them,  for  I  picked  np  an  oval  quartzite  implement  on  the 
tains  on  the  north  side  of  the  valley  lying  between  the  Billa  Surgam  ridge  and 
that  north  of  Gorlagootta. 

The  Yerra  Zari  Oahhu 

This  large  and  important  cave  which  I  had  the  good  fortune  to  discover  opens 
at  foot  of  a  great  limestone  cliff  on  the  eastern  slope  of  the  Yegunta  Konda,  a 
small  plateau  6  miles  north-north. west  of  Banaganpalli.  It  takes  its  name  from 
the  great  red  cliff  the  "  Yerra  Zari "  in  which  it  is  situated  and  which  forms  a 
conspicuous  feature  on  the  flank  of  the  plateau,  but  the  mouth  of  the  cave  which 
opens  into  a  very  wild  and  rugged  ravine  is  so  hidden  by  trees  that  it  cannot  be 
seen  till  one  approaches  within  a  few  dozen  feet.  It  is  quite  invisible  from  the 
open  country  below.  This  cave  also  was  unknown  to  the  people  at  Banaganpalli, 
though  it  lies  within  the  Banaganpalli  territory.  The  cave  was  formed  by  the 
action  of  a  stream  rising  on  the  plateau  of  Paneum  quartzite  which  caps  the 
limestone.  The  stream  was  formerly  of  considerably  greater  length  and  volnme 
than  at  present,  and  formed  a  complicated  series  of  chambers  and  passages 
which  I  propose  to  describe  fully  with  plans  and  sections  in  another  paper.  The 
floor  of  the  cave  is  level  for  a  distance  of  160  feet,  when  it  divides  into  two,  and 
the  main  one  begins  to  rise  for  a  distance  of  130  feet  till  it  reaches  a  kind  of 
platform  under  a  lofty  roof  which  opens  into  a  vertical  pot-hole  162  feet  in 
height.  Under  the  pot-hole  the  main  passage  bends  nearly  at  a  right  angle  to  the 
west  and  continues  rising  greatly  for  more  than  130  feet  in  distance,  when  it  is 
blocked  by  debris.  A  great  talus  of  angular  limestone  masses  fills  this  passage 
and  much  of  the  slope  below  the  platform.  About  the  middle  of  the  lower  slope 
the  water  falling  down  the  pot-hole  has  formed  a  consideitible  mass  of  stalagmitic 
breccia.  The  great  side  chamber  has  had  its  upper  end  breached  and  huge  rolled 
masses  of  quartzite  have  fallen  into  it  from  above.  The  main  stream  seems 
to  have  flowed  through  this  passage  for  a  considerable  period,  judging  by  the 
rounding  and  polishing  which  the  great  quartzite  blocks  have  undergone.  Water 
still  flows  through  in  considerable  quantity  after  heavy  rain,  but  the  main  stream 
from  the  plateau  now  avoids  the  cave  and  flows  through  the  wild  ravine  to 
the  eastward.  An  immense  amount  of  debris  has  been  brought  into  the  cave  by 
the  streams  that  have  flowed  through  it.  I  made  three  deep  sinkings  in  different 
parts,  one  (No.  4)'  a  little  distance  within  the  mouth  of  the  cave  which  reached  the 
rocky  bottom  at  a  depth  of  27  feet,  another  (No.  1)  in  a  large  side  gallery  west- 
ward of  the  mouth  which  failed  to  reach  the  bottom  at  33  feet,  and  a  third 
(No.  3)  in  a  higher-lying  side  gallery  which  reached  the  bottom  at  26  feet.  In 
the  side  galleries  the  surface  layer  is  rather  loose  black  soil  with  much  organic 
matter,  chiefly  bat  droppings,  in  it.  This  showed  traces  of  human  tenancy  of 
the  cave  at  several  levels.  At  No.  3  sinking  a  quantity  of  antique  pottery  was 
unearthed,  some  of  it  of  excellent  quality,  but  with  the  exception  of  one  little 
drinking  cup  of  glazed  black  ware*  all  was  broken.     It  attracted  a  good  deal  of 

'  The  nnmben  in  brackets  refer  to  the  order  in  which  the  sinkings  were  made. 
*  Of  one  large  chatty  I  succeeded  in  finding  nearly  every  piece,  so  that  it  can  be  bniU  np  by  care* 
f al  cementing.   It  shows  a  very  striking  style  of  ornamentation,  very  different  to  anything  modem* 
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attention  from  tlie  natives,  who  were  mncb  stmck  by  its  great  difference  from  the 
pottery  now  made  in  that  quarter.  This  pottery  was  found  at  a  depth  of  2^  feet. 
At  a  depth  of  11  to  12  feet  in  the  same  place  were  traces  of  a  fireplace,  and  close 
by  lay  the  drumstick  of  a  common  fowl. 

At  sinking  No.  1,  broken  pottery  occurred  at  a  similar  depth.  The  pottery 
was  of  the  same  character  as  that  obtained  at  No.  3.  At  the  depth  of  11  to  12  feet 
was  an  old  fireplace  with  many  small  fragments  of  charcoal.  Some  cowdung  ash- 
balls  such  as  used  in  dgdans  and  several  lumps  of  rather  decomposed  shale  showing 
strong  traces  of  fire.    With  the  above  were  various  fragments  of  very  coarse  pottery. 

The  loose  black  surface  layer  was  not  found  in  the  main  cave  at  No.  4.  There 
the  surface  layer,  consisted  of  2|  feet  of  limestone  rubble,  under  which  came  the 
cave  earth,  which  was  a  brown  muddy  loam  passing  into  stiff  clay  of  brown  or 
reddish-brown  colour,  generally  full  of  fragments  of  decomposing  calcareous  shale  ; 
angular  or  water-worn  fragments  of  limestone,  some  washed  in,  others  fallen 
from  the  roof,  occur  at  intervals  near  the  surface,  but  were  often  numerous  at 
greater  depths.  At  a  depth  of  3|  feet  in  the  cave  earth  was  a  fragment  of 
some  marrow  bone  (apparently  ruminant)  which  showed  marks  of  teeth.  Small 
splinters  of  bones  of  good  size  were  not  uncommon  in  the  upper  part  of  the 
cave  earth,  but  all  were  undeterminable.  At  a  depth  of  between  12  and  13  feet 
was  a  minute  but  perfectly  unmistakable  piece  of  antique  bright  red  pottery, 
probably  the  oldest  trace  of  man  met  with  in  the  cave. 

Of  three  other  excavations  made  in  this  cave  only  one  was  of  real  importance; 
of  the  other  two,  one  was  stopped  by  meeting  the  bottom  of  the  gallery  at  a 
depth  of  little  more  than  3  feet,  and  the  other  was  not  brought  to  a  final 
conclusion.  In  sinking  No.  5,  a  little  below  the  middle  of  the  high  incline 
leading  from  the  main  body  of  the  cave  up  to  the  pot-hole,  about  12  feet  of  hard 
brown  or  drab  stalagmitic  breccia  were  quarried  through  in  a  good-sized  pit,  and 
a  soft  bed  of  drab-coloured  breccia  reached ;  but  in  neither  was  even  the 
minutest  fragment  of  bone  discovered.  It  should  not  be  concluded  that  these 
sinkings  are  a  sufficient  test  of  the  contents  of  this  great  cave ;  for  though  from 
its  darkness  and  dampness  in  wet  weather  it  would  not  be  fitted  for  a  dwelling 
place,  it  would  from  its  out-of-the-way  position  form  an  excellent  hiding  pla?e. 
It  is  more  than  probable  that  the  pottery  found  in  the  different  passages  had 
been  left  there  by  refugees  who  had  occupied  the  cave  temporarily.  The  only 
approximation  to  a  legend  in  connection  with  the  cave  that  I  succeeded  in  extract- 
ing from  the  people  was  a  story  that  it  had  once  served  as  a  place  of  refuge  to  the 
inhabitants  of  a  fort  that  formerly  stood  on  the  edge  of  the  plateau  above 
Yegunta  temple,  after  the  fort  had  been  captured  during  a  war. 

Both  at  the  Yerra  Zari  Gabbi  and  Billa  Surgam  the  walls  of  the  passages 
are  delicately  fretted  by  the  action  of  water  trickling  down  their  surface,  and  the 
beautiful  sections  of  the  limestone  thus  prepared  afford  a  very  strong  proof  of 
its  unfossiliferous  character.  If  organisms  even  of  very  delicate  nature  existed 
in  it,  some  few  would  most  assuredly  have  been  worked  out  by  the  action  of  the 
flowing  water  which  has  that  effect  in  so  many  other  places.  I  examined  the 
cave  walls,  as  far  as  they  were  within  reach,  very  carefully,  and  saw  not  the 
faintest  indication  of  any  fossil. 
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Yegunta  and  other  Caves, 

A  considerable  nambor  of  other  cares  of  smaller  size  exist  in  this  limestone 
istrict,  several  of  which  are  unquestionably  worth  further  exploration.  There 
re  three  caves  at  the  Yegonta  pagoda  in  the  ravine  immediately  north  of  the 
^erra  Zari  Qabbi.  Two  of  these  are  enlarged  rifts  along  lines  of  jointing  in  the 
mestone ;  their  walls  show  bunches  and  fringes  of  stalactites  here  and  there,  but 
keir  floors  are  concealed  by  flagging  and  steps  built  by  devotees  who  have  erected 
brines  there.  Exploration  of  these  caves  is  of  course  out  of  the  quesftion  at 
•resent.  The  third  cave  is  a  shallow  one  which  is  choked  at  its  back  with  a 
onsiderable  mass  of  reddish  stalagmite-breccia.  The  very  clear  and  well-dis- 
played face  of  this  mass  of  breccia  shows  thousands  of  included  fragments  of  shaly 
imestone ;  but  after  careful  examination  I  could  not  detect  a  single  trace  of  bone. 

In  the  group  of  limestone  cliffs  south  of  the  Terra  Zari  Gabbi  are  several  rifts 
nth  stalactites,  but  too  small  even  if  they  are  ossiferous  to  contain  any  large  quan- 
ity  of  fossil  remains  under  the  piles  of  angular  debris  now  forming  the  visible  floor. 

At  the  south  end  of  the  cliffs  what  seems  to  be  the  top  of  the  arched  mouth  of 

considerable  cave  shows  just  above  a  great  talus  of  limestone  blocks,  the  result  of  a 

all  from  the  cliff.   The  presence  of  a  permanent  flowing  spring  emerging  from  the 

alns  a  little  distance  renders  the  existence  of  a  cave  in  the  hill  above  it  very 

probable. 

In  the  gproup  of  high  limestone  cliffs  on  the  south  side  of  the  second  ravine 
lorth  of  the  south-east  comer  of  the  Yegunta  plateau  is  a  large  and  deep  recess 
rith  one  or  more  small  caves  opening  near  the  top  of  the  cliff.  These  I  was 
inable  to  reach  for  want  of  a  long  ladder  and  because  of  a  large  colony  of  bees 
hat  would  not  be  dislodged.  From  the  promising  look  of  the  place  I  think  it 
Leserves  a  very  careful  examination. 

Fifteen  miles  to  the  south-west-by-south  of  Banaganpalli  there  is  a  cave  which 

^  was  described  to  me  by  an  intelligent  native  as  of  some 

BilUm  0»Fe.  j  •  x        x-  £        •        xi_  *      -  .      .     , 

size  and  interestmg  as  forming  the  source  of  a  fair-sized 

lerennial  stream.     This  cave  is  near  the  village  of  Billam  (Bollum  of  sheet  76). 

To  return  to  the  neighbourhood  of  Billa  Surgam.     On  the  south  side  of  the 

great  cave  ridge  and  about  half  a  mile  due  south  of  it  is 

Fes  nea  g  ^  small  one  exposed  by  a  slip  of  the  hill  side.     The  cave 

3  entered  by  a  very  steep  climb  down  a  rift  to  a  depth  of  about  30  feet.  At  the 
K)ttom  the  true  floor  is  hidden  by  debris  which  also  fills  up  a  passage  running 
westward  so  much  that  it  cannot  be  followed  even  by  crawling  on  all-fours  for 
aore  than  three  or  four  yards ;  but  the  Gt)rlagootla  people  say  it  joins  the  Billa 
Surgam  caves.  The  place  had  been  recently  inhabited  by  a  leopard.  Very  little 
talactitic  matter  was  seen  encrusting  the  walls.  This  cave  is  not  easy  to  find,  as 
bs  mouth  does  not  show  till  one  is  within  three  or  four  yards  of  it.  It  opens  on 
o  a  small  terrace  20  to  30  feet  long,  and  occupied  by  two  small  but  thick  trees. 
[^he  terrace  lies  about  half  way  up  the  grassy  slope  of  the  ridge  and  faces  eastward. 

I  was  told  of  two  other  caves  of  moderate  size  to  the  westward  of  Oorla- 
^tla,  but  was  unable  to  visit  either  from  pressure  of  work  at  Billa  Surgam. 
)ne  of  them  was  said  to  occur  in  the  valley  of  Grorlagootla  stream,  and  will 
trobably  be  found  in  connection  with  a  very  fine  group  of  limestone  cliffs  stand- 
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ing  on  the  north  side  of  the  stream.  The  other,  of  which  the  locality 
pointed  oat  to  me,  is  situate  in  a  picturesque  ravine  which  one  passes  on  the  lef^^ 
hand  side  when  crossing  the  small  ghat  which  leads  from  Gorlagootla  to  Betum— 
cherru. 

Lastly,  I  heard  of  a  cave  near  Buganpilly,  3  miles  north-east  of  Betum-— 
oherru,  but  could  gather  no  reliable  information  about  it. 

From  the  rather  barren  character  of  the  soil  formed  by  decomposition  of  th^ 
quartzites  and  limestones  of  this  region,  it  is  pretty  certain  that  even  the  virgiim. 
forest  which  once  covered  the  Terra  Konda  was  by  no  means  impenetrable,  andL 
this  renders  it  the  more  probable  that  its  glades  and  recesses  were  familiar  to 
the  PalsBolithio  stone  folk,  very  numerous  traces  of  whom  in  the  shape  of  quarts— 
ite  implements  were  found  by  Mr.  Eling  and  myself  in  1865  near  Boodrar  only 
30  miles  to  the  east-south-east. 


Notee  on^  the  Oeology  of  the  Ghu&ri  and  Sihnnta  parganaKs  of  Ghamba,  6y  CoLomEL 

C.  A.  McMahon,  F.G.S. 

Official  duties  having  required  me  to  visit  Chudri  and  Sihnnta,  the  opportanit^ 
presented  itself  of  gaining  some  information  regarding  the  geology  of  that  part 
of  Ghamba;  though,  my  leisure  being  necessarily  limited,  I  was  not  able  to 
devote  as  much  time  as  I  could  have  wished  to  a  detailed  examination  of  the  rocks. 

As  Ghudri  itself  has  been  described  in  my  paper  on  "  The  Geology  of  Dal- 
housie,"^  the  following  pages  will  deal  with  the  section  between  Chniri  and 
Sihnnta  and  the  neighbourhood  of  the  latter  village. 

The  first  fact  to  be  noted  is  the  disappearance  of  the  outer  band  of  gneiasose 
granite,^  which  is  typically  developed  about  a  mile  south  of  Ghuari.  I  saw  no 
trace  of  it  on  the  road  to  Sihunta,  though  the  road  crosses  all  the  rock  series  from 
the  Silurians  to  the  siwaliks,  nor  in  the  course  of  the  numerous  traverses  I  made 
to  the  north  and  north-eiust  of  Sihunta.  The  mica  schists  which,  in  the  Dalhoosie 
area,  occur  next  the  gneissose  granite  at  the  base,  or  somewhere  towards 
the  bottom  of  the  silurian  series,  are  typically  developed  in  this  section,  but  the 
gneissose  granite  is  absent.  The  dip  of  the  slates  on  the  Sihunta  road  is  N.-E.  11°  N". 

The  carbo-triassio  series  continues  to  crop  out  east  of  Ghudri,  but  it  becomes 
greatly  attenuated  in  this  section.  The  bridge  over  the  Ghaki  (Ghuckee)  below 
Baipur  (Bapir)  is  on  the  limestones  of  this  series,  but  the  band  is  apparently  a 
thin  one ;  whilst  in  the  bed  of  the  Chanal,  under  Sraog,  the  whole  outcrop  of 
this  series  does  not  attain  a  thickness  of  much  more  than  50  or  60  yards. 

The  Dalhousie  altered  basalts  crop  out  next  the  limestones  at  the  bridge 
under  Baipur,  and  thereafter  the  road  runs  with  these  rocks  to  the  vicinity  of 
Sam6t  (Samoat),  where  they,  in  their  turn,  disappear.  I  failed  to  obtain  any 
trace  of  them  east  of  this  point.  Sam6t,  and  the  land  between  it  and  Sihunta,  is, 
for  the  most  part,  well  covered  with  post-tertiary  alluvial  deposits,  but  I  searched 
Carefully  along  the  beds  of  streams  and  I  am  satisfied   that  the  trap  dies  out 

Keoordt  XV,  34. 
'  Mj  reMona  for  calliDg  the  outer  band  ^eissose  granite  are  given  in  a  paper  to  appear  in  the 
aeii  nomber  of  the  Reoorda. 
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between  Sam<5t  and  Sihnnia.  A  good  section  is  obtained  in  the  bed  of  the 
Chanel  under  Sraog,  and  only  about  50  or  60  yards  of  the  carbo-triassic  series- 
interposes  there  between  the  siwalik  sandstones  and  the  mica  schists  of  the  lower 
Silurians. 

In  my  paper  on  the  Dalhousie  area,  I  noted  that  the  sirmur  series  had  been 
cut  out  by  a  fault  south  of  Chufiri,  and  the  conglomerates  of  the  siwalik  seriea 
brought  into  contact  with  the  trap.  This  feature  appears  to  persist  in  the 
Chu6ri  and  Sihunta  section.  At  Kandra  (apparently  Samoat  of  the  map)^  a 
coarse  breccia  resting  on  red  clay,  dipping  N.-N.-E.  at  a  low  angle,  is  in  contact 
with  the  trap.  These  rocks,  and  those  which  occur  farther  east,  are  of  siwalik 
aspect ;  and  I  did  not,  in  this  region,  see  any  rock  along  the  inner  horizon  of  the 
tertiaries  that  I  could  identify  as  a  member  of  the  sirmur  series. 

I  made  an  excursion  up  the  Diarh  nadi  one  day  and  found  that  the  gneissose 
granite  appeared  exactly  where  I  expected  to  find  it  north-east  of  Tikri  (Tikiria). 
At  Tikri,  the  rocks  on  both  sides  of  the  stream  are  silurian  slates,  and  thej 
continue  up  to  the  gneissose  granite  with  a  dip  to  E.  11°  N. 

In  the  hills  north-east  of  Sihunta  a  surprise  awaited  me.     About  three 

quarters  of  a  mile,  as  the  crow  flies,  from  the  horizon  of  the  carbo-triassic  series^ 

«k  fine-grained  gneiss,  or  gneissose  granite,  crops  out  to  the  north  of  Sraog  at  an 

elevation  of  4,100  feet^  and  1,000  feet  above   Sihunta.     The  rock  is  a  perfectly 

cnrystalline  combination  of  quartz,  felspar,  muscovite  and  dark  mica,  but  exhibit- 

ing  a  well-marked  foliation  or  parallelism  of  structure.     In  weathered  boulders 

it  is  not  possible  to  distinguish  between  it  and  the  fine-grained,  non-porphyritio 

-variety  of  the  Dhiilar  Dhdr  gneissose  granite.     Higher  up  the  ridge,  the   Sraog; 

Tock  becomes  more  schistose  in  aspect,  and  finally  becomes  superficially  very 

rotten  from  weathering.     The  transition  from  this  fine-grained  rock  to  the 

larger-grained  highly  porphyritic  gneissose  granite  of  the  Dhular  Dhfir  is  a 

sudden  one.     The  fine-grained  rock  appears  to  be  older  than  the  porphyritic 

gneissose  granite,  for  I  observed  a  large  boulder  of  the  former  in  an  affluent  of  the 

Ohan&l  close  to  and  east  of  Sihunta,  which  contained  large  intrusive  veins  of 

the  coarser-grained  porphyritic  rock.     An  examination  of  these  veins  left  no 

doubt  in  my  mind  of  their  intrusive  character. 

There  seems  no  ground  for  supposing  that  this  fine-grained  foliated  Sraog 
rock  is  an  extension  of  the  Dalhousie  "  outer  band."  The  latter  occurs  below 
the  mica  schists  and  a  great  thickness  of  the  silurian  slaty  series  interposea 
between  it  and  the  porphyritic  gneissose  granite.  The  Sraog  rock,  on  the 
contrary,  occurs  above  the  mica  schists  and  slates,  and  appears  to  be  in  contact 
with  the  porphyritic  gneissose  granite.*  Moreover,  though  they  are  composed  of 
the  same  minerals,  there  is  no  resemblance  in  their  macroscopic  aspect  between 
hand  specimens  of  the  *'  outer  band  "  and  the  Sraog  gneiss. 

>  The  real  position  of  Samdt  is  apparently  where  Eania  is  marked  on  the  map.  Tandi  heart 
N.-W*  from  Samdt,  not  S.-W.  as  shown  on  the  map.  I  tried  ererj  conceivable  mode  of  pro- 
nouncing Eania,  hut  no  name  at  all  like  it  was  known  in  Samdt. 

*  I  climhed  the  ridge  to  an  elevation  of  6,200  feet,  and  reached  a  point  ahreast  of  Tikri.  I 
had  no  time  to  go  higher,  moreover  it  was  blowing  half  a  gale ;  a  anow-itorm  was  coming  on 
and  the  natives  with  me  were  suffering  acutely  from  the  cold. 
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On  my  ascent,  my  way  lay  for  some  distance  np  a  stream  between  Sraog  and 
Pukuru.  The  actual  contact  of  the  gneiss  and  the  slates  was  not  visible  ^ere ; 
but  on  my  descent  along  a  spur  of  the  mountain  by  another  route,  the  passagis 
from  gneiss,  or  gneissose  granite,  to  indurated  slates  was  sudden.  These  slates  are 
highly  altered,  and  indeed  assume  quite  a  foliated  aspect  when  in  contact  with 
the  gneiss.  A  little  further  on,  the  gneiss  re-appeared  again  for  some  yards,  and 
then  slates  similar  in  character  to  the  first. 

The  dip  of  the  mica  schists  and  slates  between  Sraog  and  the  gneiss  varied 
from  N.-E.  to  N. ;  and,  taken  in  connection  with  the  E.  11°  N.  dip  of  the  slates  at 
Tikri,  they  would  thus  appear  to  dip  into  the  gneiss  aU  round*  The  mica  schist* 
and  slates  appeared  to  me  to  be  lower  and  middle  Silurians* 

Whether  the  Sraog  rock  is  another  case  of  the  intrusion  of  gneissose  granite 
or  whether  it  is  of  pre-silurian  age— the  remains  of  ancient  land  on  which  the 
Silurians  were  deposited — ^is  a  question  regarding  which  I  think  it  wonld  be 
premature  to  ofEer  an  opinion  in  the  present  paper.  Careful  field  work,  and 
microscopic  investigation  in  the  laboratory,^  will  need  to  go  hand  in  hand  for  a 
long  course  of  years  before  all  the  details  of  Himalayan  geology  can  be  sneeees* 
lully  worked  out. 

The  spurs  south-west  of  Tikri  and  norlh-west  of  Samot  are  so  thickly  covered 
with  boulders  that  1  could  only  get  a  gHmpse  in  one  place  of  the  slates  00  which 
they  apparently  rest,  thougli  1  ti*a versed  these  spurs  for  some  miles.  Indeed,  so 
thickly  are  these  boulders  scattered  over  the  hill  sides,  that  the  suspicion  crossed 
my  mind  that  a  local  eruption  of  granite  had  taken  place  at  this  spot  and  that  the 
boulders  had  weathered  out  %n  situ,  I  could  find  no  evidence,  however,  to 
support  this  idea,  for  even  when  small  landslips  had  removed  the  superficial 
vegetable  deposits  nothing  was  revealed  but  broken  boulders  beneath. 

The  next  idea  that  naturally  occurred  to  the  mind  to  account  for  these  acciu 
mulations  of  boulders  was  glacial  action ;  indeed  not  only  here,  but  aQ  round 
Sihunta  and  on  the  road  between  that  place  and  Chudri,  huge  blocks  of  granite 
are  scattered  about  over  the  hill  sides  in  a  way  to  suggest  the  former  existence 
of  such  action  very  strongly.  Blocks  are  found  perched  on  the  undukiting  edges 
of  spurs  and  dotted  over  the  sloping  sides  of  the  mountains.  Thealhtviam  of  the 
valley  is  studded  with  them  ;  accumulations  of  boulders  here  and  there  assume  a 
very  moraine-like  appearance ;  whilst  the  heads  of  little  upland  valleyB,  formed 
by  the  bifurcation  of  spurs,  where  evidently  no  stream  of  any  oooseqvenoe  has 
ever  flowed,  are  thickly  strewn  with  them. 

One  block,  measuring  26  X 19  X  7, 1  found  perched  on  the  crest  of  a  ridge  west 
of  the  Dairh  river,  on  the  Chudri  road,  at  an  elevation  ol  4,000  feet  and  1^00  feet 
above  the  present  bed  of  the  Dairh.  Another  block,  measaring  29  x  25  X 18 — and 
there  are  numbers  of  others  of  about  the  same  size — I  found  at  an  elevation  of 
3,000  feet  above  the  sea,  resting  on  the  surface  of  a  rice-field  cm  the  south  side  of 
the  valley  at  Sihunta. 

The  antecedent  improbability  of  a  glacier  at  the  latitude  of  32^  18  extending 

1  As  I  bavo  on1.y  jupt  rptnmed  from  this  trip,  I  have  not  had  time  to  examine  thin  »1iee»  of  tb» 
Sraog  rock  under  the  microscope. 
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down  as  low  as  2,000  feet  above  the  sea— for  the  blocks  go  down  at  least  as  low 

as  that — is  very  great ;  but  it  might  be  argued  that  water  power  could  not  be 

called  in  to  explain  the  transport  of  a  block  containing  13,050  cubic  feet  of  granite ; 

for  a  rush  of  water  of  sufficient  volume  and  velocity  to  carry  13,050  cubic  feet 

of  granite  in  a  single  block  down  a  slope  of  about  1  in  20  would  have  scoured  out 

the  whole  valley  and  earned  away  every  particle  of  the  soft  alluvium  with  it  j 

whereas  these  blocks  are  not  found  buried  in  a  boulder  bed  sun'ounded  with  shingle, 

but  resting  on  the  surface   of  a  thick  deposit  of  soft  mud.     These  and  other 

arguments  that  could  be  advanced  to  prove  the  former  presence  of  local  glaciers, 

seemed  to  me  unanswerable,  until  1  found  that  a  gneiss,   or  gneissose  granite, 

large  weathered  blocks  of  which  are  undistinguishable  from  similar  blocks  of  the 

fine-grained  variety  of  the  Dh61ar  Dhar  granite,  occurs  as  low  down  as  4,100  feet 

above  the  sea.     Now  that  we  know  that  this  massive  rock  crops  out  within   three 

quarters  of  a  mile  of  the  siwalik  horizon,  and  less  than  2  miles  from  Sihunta, 

the  difficulty  is  in  a  great  measure   removed,    and  it  does  not  seem  necessary  to 

resort  to  a  glacial  theory  to  explain  the  presence  of  blocks  so  near  their  place 

of  origin. 

J^ote  on  the  occurrence  of  the  genus  Ltttonia,  Waag.^  in  the  Kuling  Series  of 

Kashmir,  hy  R.  Lydekker,  B.A.,  F.G.S.,  F.Z.S. 

Since  the  publication  of  my  memoir  on  the  Geology  of  Kashmir  ^  a  new 
genus  of  brachiopods,  from  the  "  Productus-limestone"  ^  of  the  Salt-range  and 
^jacent  districts,  has  been  described  by  Dr.  Waagen  under  the  name  of  Lyttonia. 
The  genus  has  also  been  obtained  in  the  carboniferous  of  China. 

On  seeing  the  figures  of  the  Salt-range  specimens,  I  at  once  recognised  fossils 
not  unfrequently  occurring  in  the  Kuling  series  of  the  neighbourhood  of  the 
Kashmir  valley,  whose  affinities  I  had  long  been  at  a  loss  to  determine.  They 
are  found  on  weathered  surfaces  of  the  limestone  rocks  in  several  parts  of  the 
northern  side  of  the  valley,  but  more  especially  on  the  high  ridges  to  the  north- 
east of  Sirinagar.  The  rock  in  which  they  occur  is  so  hard  that  I  was  unable 
to  chisel  out  specimens  sufficiently  perfect  to  carry  away. 

Judging  from  memory,  I  think  that  the  common  Kashmir  form  is  L.  nobilis. 
It  is  a  feet  of  much  interest  to  find  this  remarkable  genus  adding  another  to  the 
long  list  of  forms  common  to  the  "  Product us-limestone  "  and  the  Kuling  series 
of  Kashmir. 

ADDITIONS  TO  THE  MUSEUM. 
A  pair  of  quernstones  made  of  arkose,  from  war  Dhararah,  Monghyr  District. 

Pbesbntbd  by  Mb.  R.  S.  Biow. 
toxxi  specimens  of  marble,  from  Jaipur  and  A j  mere. 

PUBCHASKD, 

6  specimens  of  Bhanrer  (Yindhyan)  sandstone  from  Kapas  quarries,  Bhartpur. 

PCBCHASBP. 
>  ••  Memoirs, "  Vol.  XXIf. 
»  «  Pal.  Ind./'    Ser,  XII,  Vol.  II,  pp.  896-406 ;  pits,  XXIX-XXX. 
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Titlet  of  Boohs,  Douore. 

AcHBPOHL,  L.— Das  Niederrheinisch— Westfalisohe  Sfceinkoblengebirge,  Lief.  8-9,   (1883)9 

4to,  Leipzig. 
Albbbcht,  Paul.— Das  Os  Intermediam  Tarsi  der  Sangethiere,  (1883),  8vo,  ph.,  Leipzig. 

Thb  Authob* 

„  '  Note  sur  le  Pelvisternnm  des  l&lent^s,  (1883),  8yo,  ph.,  Bruxelles. 

Thb  Authob. 

y,  Sur  la  Yaleur  Morphologique  de   Tarticulation  Mandibalaire,  da  €arti« 

lage  de  Meckel  et  des  Osselets  de  L'Ouie,  (1883),  Sro,  ph.,  Bruxelles. 

Thb  Authob. 

„  Sur  le  Crane  Remarqoable  d'ane   Idiote  de  21  Aus.,  (1883),  8yo,  ph., 

Bruxelles. 

Thb  Author. 

„  Sur  les  4  Os  Intermaxillaires  le  Bec-de  JAhvTe  et  la  Yaleur  Morpho- 

logique des  Dents  Incisiyes  Sup^rieures  de  L'Homme,   (1883),  Svoi 
ph.,  Bruxelles. 

Thb  Authob. 

Bbilbt,  J.  Wood.— Eureka ;  an  Elucidation  of  Mysteries  in  Nature— the  ProblemB  of 

Science,  (1883),  8vo,  ph.,  Melbourne. 

Thb  Authob. 

Bbllbw,  H.  W.— Journal  of  a  Political  Mission  to  Afghanistan  in  1857,  (1862),  8yo, 

London. 

J.  Schaumbubo,  Esq. 

Bolton,  H.  C— The  Students'  Guide  in  Quantitative  Analysis,  (1882),  8yo,  New  York. 
Bbonns. — Klassen  und  Oi-diiungen  des  Thier-Reicbs,  Band  Y,  GliederfUssler :  Arthropoda 

lief.  26—27,  (1879),  870,  Leipzig. 
Bbowk,  WiXTBB  Lbb. — Manual  of  Assaying  Gold,  Silver,  Copper,  and  Lead  Ores,  (1883), 

8vo,  Chicago. 
CHAFMiir,  E.  J. — ^The  Minerals  and  Geology  of  Central  Canada,  2nd   Edition,  (1871),  8to^ 

Toronto. 
Daka,  E.  S.,  and  Bbush,  G.  J. — Appendices  to  the  6th  Edition  of  Dana's  Mineralogy^ 

I-III,  (1882),  8vo,  New  York. 
Datis,  W.  M. — The  Structural  Yalue  of  the  Trap  Ridges  of  the  Conneoticnt  Yalley,  (1882), 

8vo,  ph.,  Boston. 

Thb  Avthob* 

DoYLB,  Patbick.— Prospect    of   Artesian  Borings  in  the   Bellary  District,  (1883),  Svo^ 

Madras. 

Thb  Authob. 

DuMOKT,  J.  B.— Synoptical  Tables>f  Modem  Chemistry,  Yol.  I,  pt.  3,  Salts— Metals,  (1883)^ 

870,  Calcutta. 
Enoyclopflsdia  Britannica,  9th  Edition,  Yol.  XYI,  (1883),  4to,  Edinburgh.  ' 

Ebbinotojt  j>r  LA  Cboix,  J.— Les  Mines    d'lStain    de    P^rak  (Presqu'ile  de  Malacca), 

(1882),  8yo,  Paris. 
Fbakkland,  Pbbcy  Fabadat. — Agricultural  Chemical  Analysis,  (1883),  8yo,  London. 
Fbitsch,  Db.  Ant.— Fauna  der  Ghiskohle  und  der  kalksteine  der  Permformation  Bdhmeni^ 

Band  I,  heft.  4,  (1884),  4to,  Prag. 
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GaudbTi  A«— Lea  Encbainements  da  Monde  Animal  dans  les  Temps  G^ologiqnes,  Fossileg 

Primaires,  (1883),  870,  Paris. 
Handbook  of  tbe  Indian  Gold-mining  Companies,  July  1881,  (1881),  12mo,  Madras. 
LiFPABBNT,  A.  DB. — Traits  de  G^ologie,  (1883),  8vo,  Paris. 
WCahs,  Hugh  W. — Heport  on  tbe  Dyes  and  Tans  of  Bengal,  (1883),  8vo,  Calcutta. 

Economic  Museuv. 

MxADB,  BiCHiBD. — ^Tlie  Coal  and  Iron  Industries  of  tbe  United  Kingdom,  (1882),  8vo, 

London. 
MoBTiLLBT,  Gabbibl  db. — Le  Pr^istorique  Antiquity  de  L'Homme,  (1883),  8yo,  Paris. 
Pbatt,  John  H. — ^A  Treatise  on  Attractions,  Laplace's,  Functions,  and  tbe  Figure  of  tbe 

Earth,  4tb  Edition,  (1871),  870,  London. 
QubnstedTi  Fb.  Aua. — Handbucb    der  Petrefaktenkunde,  Auflage  III,  lief.   12,    (1883)f 

Svo,  Tubingen. 
„  Petrefactenkunde  Deutscblands,  Band  YII,  befb  4,  Gasteropoden, 

(1883),  870,  Leipzig. 

£bclus,  £li8£b. — ^NouvelleG^grapbie  Universelle  la  Terre  et  les  Hommes,  Vols.  I — ^YI, 

(1876—81),  8vo,  Paris. 


PERIODICALS,  SERIALS,  Ac. 

American  Journal  of  Science,  3rd  Series,  Vol.  XXYI,  Nos.  154-156,  (1883),  870,  New 

Haven. 

The  Editobs. 

Annalen  der  Pbysik  und  (}bemie,  Neue  Folge,  Band  XX,  beft  2-3,  (1883),  870,  Leipzig. 
Annalei  des  Mines,  Table  des  Mati^res  de  l&  TIT  S^rie,  Decennale  1872 — 1881 ;   S^rie 
VIII,  Tome  HI,  livr.  2-3,  (1882-83),  870,  Paris. 

C0MICI8810N  DBS  Mines. 

Annals  and  Magazine  of  Natural  History,  5tb  Series,  Vol.  XII,  Nos.  70—72,  (1883),  8vo, 

London. 
ArcbiF  fiir  Naturgescbicbte,  Jabrg.   XLYII,  befk  6,   and  XLIX,  beft  3-4^  (1883),  8vo, 

Berlin. 
AthensBum,  Nos.  2916—2928,  (1883),  4to,  London. 
Beiblatter  zu  den  Annalen  der  Pbysik  und  Cbemie,  Band  YII,  Nos.  9-10,  (1883),  Sto, 

Leipzig. 
Bibliotb^ue  UniFerselle.    Arcbives  des  Sciences  Pbysiques  et  Naturelles,  3"**  P^riode^ 

Tome  X,  Nos.  7—9,  (1883),  8vo,  Geneve. 
Bibliotb^ue  Universelle  et  Revue  Suisse,    3"*'  P^riode,  Tome  XIX,    Nos.    56-57,  and 

XX,  No.  58,  (1883),  8vo,  Lausanne. 
Botaniscbes    Centralblatt,  Band  XY,  Nos.  7—13,  and  XYI,  Nos.    1—9,  (1883),    8vo, 

Cassel. 
Cbemical  News,  Yol.  XLYIII,  Nos.  1242—1254,  (1883),  4to,  London. 
CoUiery  Guardian,  Yol.  XLYI,  Nos.  1184  to  1192,  and  XLYII,  Nos.  1193-1196,  (1883), 

fol.,  London. 

Das  Ausland,  Jabrg.  LYI,  Nos.  37-49,  (1883),  4to,  Miineben. 

Geological  Magazine,  New  Series,  Decade  II,  Yol.  X,  Nos.  10—13,  (1883),  8vo,  London. 

Iron,  Yol.  XXH,  Nos.  557—669,  (1883),  fol.,  London. 

Journal  de  Concbyliologie,  3*  S^rie,  Tome  XXIII,  Nos.  1-2,  (1883),  8vo,  Paris. 

Jooroal  of  Science,  8rd  Series,  Yol.  Y,  Nos.  116—119,  (1883),  8vo,  London. 

Tab  Editob. 
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Ju8T,  Dfi.  Lbofold. — Botanischer  Jahresbericht,  Jabrg.  YIII,  Abth.  II,  heft  2,  (1883^ 

8vo,  Berlin. 
London,  Edinburgh,  and  Dublin  Philosophical  Magazine  and  Journal  of  Science,  5th  Serii 

Vol.  XVI,  No8. 100—102,  (1883),  8vo,  London. 
Madras  Quarterly  Journal  of  Medical  Science,  Nos.  I— XX,  (1860—66),  8to,  Madras. 
Mining  Journal  with  Supplement.  Vol.  LIII.  Nos.  2507—2519,  (1883),  fol.,  London. 
Naturae  Novitates,  Nos.  17—23,  (1883),  Svo,  Berlin. 

Nature,  Vol.  XXVIU,  Nos.  724—730,  and  XXIX.  Nos.  731—736,   (1883),  4to,  London. 
Neues  Jabrbuch  fiir  Mineralogie,  Geologie  und  Palaeontologie,  Jabrg.  1S83,  Band  II,  heft  Sj 

(1883),  Svo,  Stuttgart. 
Pal^ontograpbica,  Band  XXIX,  lief.  5-6,  (1883),  4to,  Cassel. 

Pal^ntologie  Fran^aise,  I'*  S^rie,  Terrain  Jurassique,  Animaux  lovert^br^s,  livr.   62-63 » 
„  n  „  Crinoides,    llvr.    64^     (1883),   8vo, 

Paris. 
Petermann's  Geograpbische  Mittheilungon,  Band  XXIX,  Nos.  9 — 11,   (1883),  4to,  Gotha. 

„  „  Supplement  No.  73,  (1883),  4to.  Gotha. 

Professional  Papers  on  Indian  Engineering,  3rd  Series,  Vol.  I,  No.  3,  (1883).  flso.,  Roorkee. 

Thohason  College  of  Civil  Enoinbbrino. 

Quarterly  Journal  of  Microscopical  Science,  New  Series,  Vol.   XXIII,  No.  92,  (1883),  870, 

London. 
Zeitschrift  fiir  die  Gesammten  Naturwissenschaflen-— 

3rd  Series,  Vol.  VI,  Sept.  to  Dec.  1881. 

4th      „         „        I,  Nos.  1—6, 1882,  (1881-82),  Svo,  Berlin. 

Zeitschrift  fur  Naturwissensehaften,  4th  Series,  Vol.  II,  Nos.  3-4,  (1883).  Svo,  Halle. 


GOVERIJMENT  selections,  REPORTS,  &c. 

Andahjl198. — Statistics  of  the  Population  enumerated  in  tbe  Andamans,  17th  February  1881, 

(1883),  flsc.,  Calcutta. 

Revenue  and  Aobicultubal  Dbpabtmbnt. 

Bbngal.— BduBDiLLONf  J.  A. — Report  on  the  Census  of  Bengal,  1881,  Vols.  I— III,  (ISSd), 

flsc.,  Calcutta. 

Revenue  and  Agbicultubal  Dbpabtmbnt. 

Bombay. — Gazetteer  of  the  Bombay  Presidency,  Vol.  XVI,  (1883),  Svo,  Bombay. 

BOUBAT  GoVBKNMBNT. 

y.  Selections  from  the  Records  of  the  Bombay  Government,  New  Series,  No.  162, 

(1883),  Svo,  Bombay. 

BOKBAT  GoYBBNKBNT. 

Centbil  Pbovinces.— Gbant,  Chablbs. — Gazetteer  of  the  Central  Provinces  of  India,  2nd 

Edition,  (1870),  Svo.  Nagpur. 

Chief  Commissioneb,  Centbal  Pbovimcbs. 

„  Report  on  the  Administration  of  tbe  Central  Provinces  for  1882-83, 

(1883),  Svo,  Nagpur. 

Chibf  Commissioneb,  Cbntbal  Pbotincbs. 
9,  ScHLiCH,  W. — Suggestions  regarding  Forest  AdministratioQ  in  the 

Central  Provinces,  (1883),  flsc,  Calcutta. 

Bbyskub  and  Aobicultubil  Dbpajitmbnt. 
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Titlei  qf  Books,  Donors, 

India. — Indian  Meteorological  Memoirs,  Vol.  II,  pt.  2,  (1883),  4to,  Calcutta. 

MbTBOBOLOOICAL  RbPOBTBB  to  GOYBBNICBNT  OF  InDIA. 

„  Meteorological  Observations  recorded  at  six  Stations  in  India  in  1882,  corrected 

and  reduced,  December  1882  to  February  1883,  (1883),  4to,  Calcutta. 

Mbtbobolooical  Bbpobteb  to  Govbbnmbnt  of  India. 

„         Begisters  of  Original  Obserrations  in  1883,  reduced  and  corrected,  March  to  Maj 
1883,  (1883),  4to,  Calcutta. 

Mbtbobological  Repobtbb  to  Goybbnmekt  of  India. 

„  Beport  on  the  Administration  of  the  Meteorological  Department  of  the  Government 
of  India  in  1882-83,  (1883),  4to,  Calcutta. 

Mbtbobological  Bbpobteb  to  Goybbnmekt  of  India. 

„.  List  of  Civil  Officers  holding  gazetted  appointments  under  the  Government  of  India, 
in  the  Home,  Legislative,  and  Foreign  Departments,  on  Ist  July  1883,  (1883),  8v0y 
Calcutta. 

Home  Depabtmbnt. 

„  Statistics  of  the  British-bom  Subjects  recorded  at  the  Census  of  India,  17th 

February  1881,  (1883),  flsc,  Calcutta. 

Beyenxjb  and  Aobicultubal  Dbpabtmbnt. 
„  The  Indian  Empire  Census  of  1881.    Statistics  of  Population,  Vol.  II,  (1883),  flsc, 

Calcutta. 

Beyenxjb  and  Aobicultubal  Depabtment. 
Madras. — McIyeb,  Lewis.— Imperial  Census  of  1881.    Operations  and  Besults.  in  the 
Presidency  of  Madras,  Vols.  I — Y,  (1883),  flsc.,  Madras. 

Bbyenue  and  Aobicultubal  Depabtment. 

Punjab. — Selections  from  the  Becords  of  the  Grovemment  of  the  Punjab  and  its  Dependencies, 
New  Series,  No.  XXI,  (1883),  8vo,  Lahore. 

Punjab  Goyebnment. 


TBANSACnONS,  PBOCEEDINGS,  Ac,  OF  SOCIETIES,  SUBVEYS,  &c. 

Ballaabat.— Annual  Beport  of  the  School  of  Mines,  Ballaarat,  for  1882,  (1883),  8vo, 

Ballaarat. 

School  of  Mines,  Ballaabat. 

Batayia.— Notulen  van  de  Algomeene  on  Bestuurs-vergaderingen   van  het  Bataviaasch 
Genootschap,  Deel  XXI,  No.  2,  (1883),  8vo,  Batavia. 

The  Society. 

y,         Tijdschrift  voor  indische  Taal-Land-en  Volkenknnde,  Deel   XXVIII,  Afl.  6,  & 
XXIX,  Afl.  1,  (1883),  8vo,  Batavia. 

The  Society. 

Belfast. — Beport  and  Proceedings  of  the  Belfast  Natural  History  and  Philosophical  Society 
for  Session  1882-83,  (1883),  8vo,  Belfast. 

The  Society. 

Bbbun. — Sitzungsberichte  der  Koniglich  Preussischen  Ahademie  dor  Wissenschaften   zu 
Berlin,  Nos.  XXII  to  XXXVII,  (1883),  8vo,  Berlin. 

The  Academy. 
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Titles  ofBooki,  D<mor9. 

Bbbliw.— Zeitschrift  der  Deutschen  Geologischen  Gesellschaft,  Band  XXXV,  heft  3,  (1883), 
6vOy  Berlin. 

T?B  SOCIBTT. 

Bologna. — Compte-Benda  des  S^anoes  de  la  Commission  Internationale  de  Nomenclature 

G^oloinque  et  da  Comity  de  la  Carte  G^logique  de  V  Europe  tenuee  k 
Zurich  en  Ao4t  1883,  (1883),  8yo,  ph.,  Bologne. 

Thb  CoMMimo. 
Bbeslau.— Sechzigster  Jahres-Bericht  der  Schlesischen  Gesellschaft   fiir  Yaterlandische, 
Cultur,  (1883),  8yo,  Breslau. 

Th«  Socistt. 

BBU88BL8.— Annales'de  la  Soci^ttf  Malacologique  de  Belgique,  Vols.  VI— X,  (1871—1876), 

8fo,  Bruxelles. 

Thb  Socibyt. 

BBU88BL8. — Annuaire  de  L'Acad^mie  Bojale  des  Sciences,  des  Lettres  et  des  Beaux-Arts  de 

Belgique,  (1882-83),  8vo,  Bruxelles. 

Thb  Acadbxt. 

„  Bulletin  de  la  Soci^t^  Boyale  Beige  de  Geographic,  Ann^e  VII,  Nos.  3-4,  (1883), 

8vo,  Bruxelles. 

Thb  Socibtt. 

„  Bulletins  de  L'Acad^mie  Roy  ale  des  Sciences,  des  Lettres  et  des  Beaux- Arts  de 

Belgique,  3"'  S^rie,  Vols.  I— V,  (1881—83),  8?o,  Bruxelles. 

Thb  Acadbht. 

„  M^moires  Couronn^s  et  autres  M^moires  puhli^s  par  L' Academic  Royale  det 

Sciences,  des  Lettres   et  des  Beaux-Arts  de  Belgique,  Tome  XXXI  and 

XXXIII— XXXV,  (1881—83),  8vo,  Bruxelles. 

Thb  Acadbvt. 

„  M^moires    Couronn^s     et    M^moires    des    Savants    Strangers    publics    par 

L'Acad^mie  Royale  des  Sciences,  des  Lettres  et  des  Beaux-Arts  de  Belgique^ 

Tome  XLIV— XLV,  (1882-83),  4ko,  Bruxelles. 

Thb  Acadbvt. 

„  M^moires  de  L' Academic  Royale  des  Sciences,  des  Lettres  et  des  Beaux- Arts  de 

Belgique,  Tome  XLIII,  pt.  2,  and  XLIV,  (1882),  4to,  Bruxelles. 

Thb  Acadbvt. 

„  Tables  G^n^rales  du  Recueil  des  Bulletins   de  L'Acad^mie  Royale  des  Sciences, 

des  Lettres  et  des    Beaux- Arts  de  Belgique,  2"°*  S^rie,  Tomes  XXI — ^L, 

1867—1880,  (1883),  8vo,  Bruxelles. 

Thb  Acadbvt. 

BuBKOS  AiBBS.— Analcs  del  Museo  Publico  do  Buenos  Aires,  Vol.  Ill,  pt  I,  (1883),  4to, 

Buenos  Aires. 

Oabn. — Bulletin  de  la  Soci^te  Linn^nne  de  Normandic,  4th  Series,  Vol.  VI,  (1882),  Sfo, 

Caen. 

Thb  Socibtt, 

Calcutta. — Journal  of  the  Asiatic  Society  of  Bengal,  New  Series,  Vol.  LII,  pt  II,  No.  1, 

(1883),  8vo,  Calcutta. 

Thb  Socibtt. 

Proceedings  of  tlie  Asiatic  Society  of  Bengal,  Nos.  VII  &  VIII,   (1883),  870, 

Calcutta. 

Thb  Socibtt. 

Memoirs  of  the  Geological  Survey  of  India,  Vol.  XXII,  (1883).  8vo,  Calcutta. 

The  Subvet. 
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Title*  of  Boohs,  Donors, 

Calcutta. — Records  of  the  Geological  Survey  of  India,  Vol.  XVI,  pt.  4,  (1883),  8vo, 

Calcutta. 

Gbolooical  SrrBVBT  of  India. 

„  Eeport  of  the  ArchsBological  Survey  of  India,  Vol.  XVI,  (1883),  8vo,  Calcutta. 

Home  Defabtmbstt. 
Cambbidge,  Mass. — Bulletin  of  the  Museum  of  Comparative  Zoology,  Vol.  XI,  Nos.  1  &  2, 

(1883),  8vo,  Camhridge,  Mass. 

The  Museum  of  Compabative  Zoology. 
DijOK.— M^moires  de  TAcad^mie  des  Sciences  de  Dijon,  3n»«  S^rie,  Vols.  II,  III,  and  VII, 
(1874,  1876,  &  1882),  8vo,  Dyon. 

The  Academy. 
Dublin. — Journal  of  the  Royal  Geological  Society  of  Ireland,  New  Series,  Vol.  VI,  pt.  2, 
(1882),  8vo,  Dublin. 

The  Society. 
„  Proceedings  of  the  Royal  Irish  Academy — 

Series  II,  Vol.  II,  Antiqnities,  No.  4, 
„      II,    „    ni,  Science,  Nos.  9  &  10. 

(1883),  8vo,  Dublin. 

The  Academy. 
.    „  Transactions  of  the  Royal  Irish  Academy — 

Vol.  XXVII,  Antiquities,  No.  6, 
„    XXVIII,  Science,  Nos.  11  to  13, 

(1882.83),  4to,  Dublin. 

The  Academy. 
Fbawkfubt. — Abhandlungen   von  der  Senckenbergischen  Naturforschenden  Gesellschaft, 

Band  XIII,  heft  2,  (1883),  4to,  Frankfurt. 
Gbkeva. — Mdmoires  de  la  Soci^t^  de  Physique  et  d'Histoire  Naturelle,  Vol.  XXVIII, 
pt.  1,  (1882-83),  4to,  Gen&ve. 

The  Society. 
GomNGBN. — Nachrichten  von  der  k.  Gesellschaft  der  Wissenchaf ten,  (1882),  8vo,  Gottingen. 

The  Society. 
Halle.— Abhandlungen  der  Naturforschenden  Gesellschaft  zu  Halle,  Band  XVI,  heft  1, 
(1883)  4to,  Halle. 

The  Society. 
„  Bericht  iiber  die  Sitzungen  der  Naturforschenden  Gesellschaft  zu  Halle,  im  Jahre* 

1882,  (1883)  8vo,  HaUe. 

The  Society. 
Eokigsbbbg.— Beitrage  zur  Naturkunde  Preussens,   Nos.  IV  &   V,   (1879  &   1882),  4to, 

Eonigsberg. 

Thb  Socibty. 
„  Shriften  der  Physikalisch-Okonomischen  Gesellschaft  zvl  Konigsberg,  Jahrg. 

XXUI,  Abth.  1  &  2,  (1882-83),  4to>  Konigsberg. 

The  Society. 
London. — Journal  of  the  Anthropological  Institute  of  Great  Britain  and  Ireland,  Vol.  XIII, 
Nos.  1  &  2,  (1883),  8vo,  London. 
„         Journal  of  the  Iron  and  Steel  Institute,  No.  1,  (1883),  8vo,  London. 

The  Institute. 
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Titles  of  Books,  Donors, 

London. — Journal  of  the  Linnean  Society  of  London — 

Vol.  XVI,  Zoology,  No8.  96—100. 
„      XIX,  Botany,  No.  122,  and  XX,  Nos.  123—129,  (1882-83),  8yo, 
London. 

The  Society. 

„         List  of  the  Linnean  Society  of  London,  October  1881  and  1882,  (1882-83),  8yOk 
London, 

The  Socibtt. 

f,         Proceedings  of  the  Linnean  Society  of  London,  November  1880  to  June  1882, 
(1883),  8vo,  London. 

The  Socibtt. 

,,         Transactions  of  the  Linnean  Society  of  London,    2nd  Series — 
Vol.  II,  Botany,  pts.  2 — 6. 
Vol.  II,  Zoology,  pts.  6—8,  (1882-83),  4to,  London. 

The  Socibtt«  ' 

„         Journal  of  the  Royal  Asiatic  Society  of  Great  Britain  and  Ireland,  New  Series, 
Vol.  XV,  pts.  3—4,  (1883),  8vo,  London. 

The  Sooiett. 

„         Proceedings  of  the  Royal  Geographical  Society,  New  Series,  Vol.  V,  Noe.  8—11, 
(1883),  8vo,  London. 

The  Societt. 

„         List  of  Fellows  of  the  Royal  Society  of  London,  30th  November  1882,  (1883), 
4to,  London. 

The  Society. 

„         Philosophical  Transactions  of  the  Royal  Society  of  London,  VoL  173,  pts.  2—4, 
&  174,  pt.  1,  (1882-83),  4to,  London. 

The  Society. 

„         Proceedings  of  the  Royal  Society  of  London,  VoL  XXXV,  Nos.  224—226,  (1883), 
8vo,  London. 

The  Society 

„         Journal  of  the  Society  of  Arts,  Vols.  XXXI,  Nos.  1608—1617,  &  XXXII, 

Nos.  1618-1619,  (1883),  8vo,  London. 

The  Society. 

„         List  of  the  Vertebrated  Animals  now  or  lately  living  in  the  Gardens  of  the  Zool- 
ogical Society  of  London,  8th  Edition,  (1883),  8vo,  London. 

The  Society. 

„         Proceedings  of  the  Zoological  Society  of  London  for  1883,  pts.  II-III,  (1883), 

8vo,  London. 

The  Society. 

„         Transactions  of  the  Zoological  Society  of  London,  Vol.  XI,  pt.  9,  (1883),  4to, 
London. 

The  Society. 

„         Quarterly  Journal  of  the  Geological  Society,  Vol.  XXXIX,  No.  155,  (1883),  8vo, 

London. 

The  Society. 

Lyok.— Archives  du  Museum  d'Histoire  Naturelle  de  Lyon,  Tome  III,  (1883),  4to,  Lyon. 

The  Museum. 
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Titles  qf  Books,  Donors, 

LoHDON.— Association  Ljonnaise  des  Amis  des  Sciences  Naturelles.    Compte  Bendu  de 

I'Ann^e  1882,  (1883),  8vo,  ph.,  Lyon. 

The  Association. 

fp        Mus^am  des  Sciences  Naturelles  de  Lyon.    Rapport  snr  les  travauz  ex^cut^s  pen- 
dant I'Ann^  1882,  (1883),  8yo,  ph.,  Lyon. 

The  Museum. 

Madbid. — Boletin  de  la  Sociedad  Geografica  de  Madrid,  Tomo  XY,  Nos.  1 — 3,  (1883),  8vo, 

Madrid. 

The  Society. 

Mavchestsb. — Transactions  of  the  Manchester  Geological  Society,  Vol.  XYII,  pt.  10, 

(1883),  8vo,  Manchester. 

The  Societt. 

Mblboubkb.— Beports  of  the  Mining  Surveyors  and  Registrars  for  quarter  ending  30th 

June  1883,  (1883),  ilsc.,  Melbourne. 

Mining  Dbpaetmbnt,  Victobia. 

M  Transactions  and  Proceedings  of  the  Royal  Society  of  Victoria,  Vol.  XIX, 

(1883),  870,  Melbonme. 

The  Society. 

If  08C0W. — Balletin  de  la  Soci^t^  Imp^riale  des  Natnralist^s  de  Moscow,  Vol.  LVTI,  Nos. 
3  &  4,  and  LVIII,  No.  1,  (1883),  8vo,  Moscow. 

The  Society. 
„  Nonveaux  M^moires  de  la  Soci^t^  Imp^riale  des  Naturalistes  de  Moscow,  Tome 

XIV,  livr.  1,  (1883),  4to,  Moscow. 

The  Society. 
19'buchatel. — Bulletin  de  la  Soci<5t^  des  Sciences  Naturelles  de  Neuchatel,  Tome  XIII, 

(1883),  8vo,  Neuchatel. 

The  Society. 
Newcastle-upon-Tyne. — Transactions  of  the  North  of  England  Institute  of  Mining  and 

Mechanical  Engineers,  Vol.  XXXI,  pt.  5,  and  XXXII,  pts.  1 — 5, 
(1882-83),  8vo,  Newcastle-upon-Tyne. 

The  Institute. 
Paris. — ^Bulletin  de  la  Soci^t^  G^ologique  de  France,  3°"  S^rie,  Vol.  XI,  Nos.  4  and  6—7, 

(1883),  8vo,  Paris. 

The  Society. 
Philadelphia. — Journal  of  the  Franklin  Institute,  3rd  Series,  Vol.  LXXXVI,  Nos.  3 — 5, 

(1883),  8vo,  Philadelphia. 

The  Institute. 

Proceedings  of  the  Academy  of  Natural  Sciences  of  Philadelphia,  Pts. 
I— m  (1882-83),  8vo,  Philadelphia. 

The  Academy. 
Proceedings  of  the  American  Philosophical  Society,  Vol.  XX,  No.  112, 
(1882),  8vo,  Philadelphia. 

The  Society. 

Pi8A.-^Atti  della  Societa  Toscana  di  Scienze  Naturali.  Process!  Verbali,  VoL  III,  pp. 

273—290,  (1883),  8vo,  Pisa. 

The  Society. 
Bomb. — Atti  della  B.  Accademia  dei  Lincei. 

S^rie  III,  Memorie,  Vol.  XI— XIII,  (1882). 

Serio  III,  Transunti,  Vol.  VU,  fasc.  13— 14»  (1883),  (1882-83),  4to,  Boma. 
V  Thb  Acadbhy. 
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THE  GEOLOGICAL  SURVEY  OF  INDIA, 


Part  2.]  1884.  [May. 

Note  on  the  Earthquake  of  SUt  December  1861,  by  R.  D.  Oldham,  A.B.S.M., 

Geological  Survey  of  India.     (With  a  map.) 

On  the  morning  of  the  Slst  December  1881  a  severe  earthquake  was  felt  over 
a  large  portion  of  the  Indian  peninsula  and  Bengal,  affecting  also  the  Burmese 
coast  and  causing  much  damage  in  the  Andaman  and  Nicobar  islands.  A  consi- 
derable amount  of  material,  comprising  newspaper  extracts,  official  reports  and 
private  letters,  having  been  placed  at  my  disposal,  I  propose  giving  a  brief  notice 
of  the  more  important  features  of  the  shock. 

In  Bengal  it  was  felt  as  far  as  Chunar  (?),  Gay  a,  and  Hazaribagh  ;  Akra,  in 
ihe  24-Parganas,  was  shaken  ;  and  at  Akyab  it  was  followed  by  the  eruption  of 
a  mud  volcano  in  Ramri.  ^  There  is  no  record  of  its  having  been  felt  at  Ran- 
goon  or  Moulmein ;  at  Tenasserim  it  is  doubtful,  though  it  was  felt  in  the  Mergui 
archipelago ;  to  the  south  it  is  reported  as  having  been  '  severe*  at  Acheen 
in  Sumatra,  and  in  N.  Lat.  3**  54',  E.  Long.  91*  2V  it  was  felt  by  the  ship 
Mount  Stuart;  at  Ootacamund  it  is  recorded,  as  aUo  at  Calicut:  thus  the  area 
over  which  it  was  felt  measures  about  1,600  miles  from  north  to  south  and  1,500 
miles  from  east  to  west,  or  2,000,000  square  miles  in  all. 

Such  briefly  is  the  summary  of  the  information  contained  in  the  daily  papers, 
and  as  no  observation  of  scientific  value  is  recorded  in  them  which  has  not  been 
placed  at  my  disposal  in  another  form,  I  shall  refrain  from  repeating  the  vague, 
when  not  misleading,  statements  of  the  time  and  nature  of  the  shock  which  were 
so  given  to  the  world.' 

There  is,  however,  one  published  notice  which  contains  much  valuable  inform- 
ation. I  refer  to  the  note  by  General  Walker,  and  Major  M.  W.  Rogers,  R.E. 
(originally  published  in  the  Annual  Report  of  the  Trigonometrical  Survey,  and 

>  Recordfl,  G.  S.  I.,  Vol.  XV,  p.  141. 

'  I  roay»  however,  mention  one  letter  by  Mr.  W.  G.  Simmons  of  Calcutta  pnblished  in  the 
Imdian  Dailff  Newt.  He  seems  to  have  been  at  some  trouble  to  collect  information,  and  I  have  to 
tbMDk  him  for  liberally  placing  it  at  my  disposal. 
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reprinted  in  the  Proceedings  of  the  Asiatic  Society  of  Bengal,  March  1883,  page 
60)  on  the  records  left  by  the  earthquake,  and  its  consequent  sea-wave  on 
the  tidal  gauges  fixed  along  the  shores  of  the  Bay  of  Bengal,  illustrated  by  reduc- 
tions from  the  original  records  and  a  chart  of  the  Bay  of  Bengal,  on  which  Major 
Rogers  has  marked  what  he  considered  to  be  the  focus  of  the  disturbance.  For 
the  benefit  of  those  who  may  not  have  access  to  the  original,  I  subjoin  a  short 
abstract  of  the  information  contained. 

At  Port  Blair,  the  forced  sea. wave,  indicating  the  arrival  of  the  earth- wave,  is 
indicated  at  Ih,  44' ;  ^  the  first  sea- wave  arrived  at  8^.  3',  followed  by  others  at 
15  minutes  interval,  with  a  height  of  3  feet  from  crest  to  hollow,  the  disturbance 
not  subsiding  entirely  till  2\h. 

Diamond  Harbour. — Sea-wave  hardly  perceptible ;  arrived  at  15^.  10.' 

Dablat. — First  sea* wave  at  13/a.  ;  disturbance  continued  till  21^. 

False  Point. — Forced  sea- wave  at  Ih,  54'.  Sea-waves  small ;  the  first  arrived 
at  llA.  15.' 

Yizagapatam. — The  sea- wave  arrived  at  \0h,  43',  followed  by  others  until 
midnight. 

Madras. — Sea-wave  arrived  at  \0h,  18.' 

Negapatam. — The  first  wave,  which  arrived  at  lOfc.  15',  measured  4  feet  from 
qrest  to  hollow,  and  was  followed  by  others  until  midnight. 

Paumben.-— First  wave  at  11^.  32' ;  disturbance  lasted  till  midnight. 

At  Calcutta  the  time  of  arrival  of  the  earthquake  was  noted  by  Mr.  James 
Murray,  who  writes,  in  reply  to  my  enquiries,  that  he  was  reading  in  an  upstairs 
room  when  feeling  the  shock  ho  immediately  ran  downstairs  and  marked  on  the 
glass  of  his  standard  regulating  clock  the  exact  position  of  the  second's  hand  and 
then  waited  to  note  the  time  of  cessation  of  the  motion ;  afterwards  he  carefully 
took  with  a  second's  watch  the  time  that  it  occupied  to  do  all  he  had  done  between 
the  moment  when  he  first  felt  the  shock  and  when  he  made  the  mark  on  the 
glass  of  his  clock,  adding  this  and  the  error  of  the  clock  on  that  morning,  he 
obtained  the  times  of  commencement  and  cessation  as  7^.  37'  45"^  and  Ih,  42'  O*', 
Calcutta  mean  time,  or  Ih,  55'  2'  and  7fe,  59'  17"^  Port  Blair  mean  time,  respect- 
ively. This,  I  may  add,  is  the  only  observation  of  real  value  made  at  the  time 
and  not  automatically  recorded  that  I  know  of  in  connection  with  this  shock. 

At  Madras  a  clock  in  the  office  of  the  Master  Attendant,  electrically  controlled 
from  the  astronomical  observatory,  was  stopped  at  Ih,  5'  45"^  local  time,  or  Ih.  55' 
36*'  Port  Blair  mean  time. 

Port  Blair  is  the  only  place  whei-e  any  damage  was  done  to  masonry  buildings, 
and  it  is  to  be  regretted  that  the  damage  should  be  so  little  instructive  as  is  ^e 
case.  The  infantry  barrack,  of  which  I  have  drawings  showing  the  damage  done, 
is  a  long,  naiTow  building  situated  on  the  crest  of  a  hill,  the  major  axis  bearing 
N.  20°  E.,  while  the  cross-walls  bear  E.  20'  S.  The  latter  were  severely 
cracked,  while  with  a  single  exception  not  a  crack  has  opened  in  the  longitudinal 
walls;  this  might   indicate  a  direction   nearly   N.    20**   E.   or   S.   20®   W.,  but 

1  Theee  timefl  differ  from  those  ori)?iiiully  jsriven^  having  bfcn  retaken  with  greater  care  from 
the  original  records.  The  times  here  and  throughout  this  notice  ai-e  reduced  to  Fort  Blair  maan 
time,  and  for  the  sea-wave  arc  the  time  of  arrival  of  the  crest  of  the  first  wave. 
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is  most  probably,  as  will  be  seeu  from  the  sequel,  due  to  their  being  of  less  solid 
construction.  As  r^ards  the  angle  of  emergence  the  cracks  do  not  indicate  much, 
merely  pointing  to  a  nearly  horizontal  or  nearly  vertical  emergence  ;  the  former 
would  be  indicated  by  the  fact  that  a  chimney  shaft  60  feet  high  was  cracked  but 
not  overthrown  as  it  certainly  must  have  been  by  a  severe  shock  with  a  moderate 
angle  of  emergence,  but  as  this  supposition  is  irreconcileable  with  the  position  of 
the  seismic  vertical  obtained  from  more  trustworthy  observations  we  mu^t  suppose 
the  angle  of  emei^nce  to  have  been  nearly  hoidzontal  and  the  violence  of  the 
shock  to  have  been  considerably  exaggerated. 

In  the  Gar  Nicobar  extensive  damage  was  done  to  the  cocoanut  groves  and 
huts  of  the  natives,  and  vents  similar  to  those  described  in  connection  with  the 
Cachar  earthquake  of  1869  ^  were  opened  in  the  sandy  soil.  It  was  noted  by 
Major  W.  B.  Birch,  to  whose  report  I  am  indebted  for  the  facts,  that  on  the 
margin  of  the  seashore  the  trees  were  left  standing,  while  further  inland  they 
were  overthrown.  This  may  have  been  due  to  the  fact  that  the  edge  of  the  land 
was  protected  from  the  earthquake  by  the  slope  of  the  seaward  face  being  steeper 
than  that  of  the  emergence  of  the  wave  but  I  am  inclined  to  believe  that  Major 
Birch's  suggestion,  that  the  soil  near  the  sea  margin  is  firmer  than  that  further 
inland,  is  more  likely  to  be  the  true  explanation.  The  sea-wave  broke  on  this 
island  and  it  is  recorded  that  the  water  penetrated  into  the  houses  of  the  Bur. 
mese  residents  which  stood  on  platforms  of  less  than  2{  feet  high,  while  those  on 
higher  platforms  escaped. 

I  will  now  proceed  to  the  discussion  of  the  data  available,  which  are,  firstly, 
the  records  of  the  arrival  of  the  earth-wave  at  Calcutta,  Madras,  False  Point, 
Port  Blair,  and  Eosseraing ;  and,  secondly,  the  records  of  the  arrival  of  the  sea. 
wave  at  the  stations  mentioned  above ;  the  latter,  however,  are  owing  to  irregu- 
larities in  the  depth  of  the  Bay  of  Bengal  of  no  use  in  determining  the  position 
of  the  seismic  vertical.  Of  the  first  category,  the  records  from  Madras  and 
Calcutta  are  undoubtedly  good,  those  from  Port  Blair  and  False  Point  are  good 
as  far  as  they  go,  but  only  pretend  to  give  the  time  to  the  nearest  minute,  while 
the  fifth  is,  as  will  be  subsequently  shown,  unfortunately  open  to  an  element  of 
doubt. 

It  has  been  pointed  out  by  Professor  Milne  that  if  the  earth- wave  arrives  at  two 
points  on  the  earth's  surface  at  the  same  moment  of  absolute  time  and  a  straight 
line  be  drawn  joining  those  two  points,  the  seismic  vertical  should  lie  somewhere 
on  the  line  bisecting  it  at  right  angles,  supposing,  that  is  to  say,  that  the  surface 
of  the  earth  were  a  plane  and  its  substance  homogeneous ;  on  the  same  supposi- 
tions  if  the  time  of  arrival  is  known  at  three  stations  and  circles  be  drawn  round 
the  two  at  which  the  arrival  was  latest  with  radii  equal  to  the  distance  traversed 
by  the  wave  in  the  respective  absolute  differences  of  time  between  its  arrival  at 
those  stations  and  at  the  first  station,  and  a  circle  be  drawn  passing  through 
the  first  station  and  touching  the  circles  drawn  round  the  second  and  third 
stations,  the  centre  of  that  circle  will  represent  the  position  of  the  seismic  vertical. 
Neither  of  the  assumptions  are,  of  course,  theoretically  correct,  but  these  con- 
structions give  a  rapid  and  convenient  method  of  finding  the  approximate  position 

>  Memoiri,  Q.  S.  I.,  Vol.  XIX,  vwt  1. 


50  Records  of  the  Oeologieal  Survey  of  India.  [vol.  xvn. 

of  the  seismic  vertical.  I  have,  for  the  purposes  of  the  first  coiistmctioiif  taken  tlie 
time  of  arrival  at  Calcutta  and  Madras  as  identical  and  represented  it  on  the  map 
by  fine  firm  lines ;  the  second  constmction  is  not  represented,  bat  the  eeutrea 
obtained  are  indicated  by  dots  with  the  letters  C.  M.  B.  for  the  centre  deduced 
from  the  Calcutta,  Madras,  and  Port  Blair  observations,  and  F.  M.  B.  for  that  dne 
to  those  at  False  Point,  Madras,  and  Port  Blair.  It  will  be  seen  that  the  first- 
named  lies  within  30  miles  of  the  true  position  of  the  seismic  vertical,  the  error 
being  due  almost  entirely  to  the  unavoidable  distortion  of  the  map ;  tiiie  oilier 
shows  a  greater  error,  due  partly  to  a  less  average  accuracy  of  the  obeervatiQiiB 
and  partly  to  the  fact  that  the  stations  are  less  favourably  situated  for  applying 
the  construction.  Taking  Calcutta,  False  Point,  and  Port  Blair,  we  get  an  impoan* 
ble  centre  at  the  mouth  of  the  Irrawadi,  the  fact  being  that  this  oonstmction  is 
only  practically  applicable  when  the  three  stations  form  a  pretty  open  triangle. 
The  Madras,  False  Point,  and  Kisseraing  observations  give  the  centre  where  Major 
Bogers  placed  it,  but  this  result  is  vitiated  both  by  the  small  inaoonracy  of  the 
False  Point  observation  and  the  greater  one  at  Kisseraing,  which  will  be  i^eCened 
to  hereafter. 

Starting  with  the  C.  M.  B.  centre,  a  brief  inyestigation  proves  it  to  be  aboiit 
30  miles  too  far  south ;  so  taking  Lat.  15°  Long.  89°  as  the  centre  provisionally,  wo 
find  that  the  geodetic  distance  from  this  point  to 

Feet. 

Port  Blair  is 1301475 

Ctilcuttais 3,117,585 

False  Point  18 2,888,620 

Madras  is  3,177,850 

Kisseraing  is 8,563,600 

Subtracting  the  distance  to  Port  Blair  and  dividing  the  results  by  the  respective 
differences  of  time,  we  get  a  velocity  of  transit  as  between  Port  Blair  and 

Feet  per  aeoond. 

Calcutta  of 1,957 

Madras  of 1,948 

False  Point  of 1,807 

Kisseraiugof 2,666 

and  as  between  Calcutta  and  Madras  of  1,746  feet  per  second — a  not  impossible 
result,  as  the  difference  of  distance  would  lie  mainly  in  alluvial  deposits,  though 
possibly  indicates  that  the  centre  is  about  half  a  mile  east  of  the  position  assumed. 

The  low  velocity  as  between  Port  Blair  and  False  Point  is  easily  explicable  by 
the  fact  that  the  observations  are  only  given  to  the  nearest  minute ;  had  the  time 
int(;rval  been  9  minutes  instead  of  10  minutes,  it  would  give  a  velocity  of  2,001  feet 
|)er  second,  while  an  interval  of  9i  minutes  would  bring  it  almost  into  accord  with 
the  Calcutta  and  Madras  observations.  From  this  we  may  conclude  that  the  time 
recorded  at  Port  Blair  is  too  early,  or  that  at  False  Point  too  late,  or  possibly  both. 
It  must  be  home  in  mind  that  the  times  were  taken  from  the  trace  left  by  a  pencil 
on  a  shoot  of  paper  and  on  a  scale  on  which  it  would  be  difficult  to  distinguish 
between,  say,  7^.  53'  15''  and  7A.  53'  45",  though  one  should  be  recorded  to  the 
nearcHt  minute  as  7/i.  53'  and  the  other  as  Tk.  54'. 

The  KiNNeraing  obwrvation,  however,  gives  a  velocity  which  is  inexplicable 
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on  this  snppoBition,  and  I  cannot  bat  consider  the  error  due  to  an  actual  error  of 

observation,  as,  though  it  can  be  approximately  reconciled  with  those  from  the 

western  stations,  this  can  only  be  done  by  taking  the  latter  out  of  accord  with 

each  other  and  giving  an  inadmissibly  high  velocity  to  the  whole  series.     The 

only  published  record  of  this  observation  is  that  in  Major  Roger's  note,  where  he 

says  that ''  at  Madras,  False  Point,  and  Kisseraing  the  shock  was  felt  at  about  the 

game  niinute«-*7^.'55'  a.m.  ;'*  it  will  be  seen  that  this  is  rather  vague,  and  a  personal 

application  to  Major  Rogers  elicited  the  fact  that  the  original  record  had  been 

destroyed,  and  it  was  consequently  no  longer  possible  to  estimate  the  degree  of 

accuracy  of  the  time  record.     I  fear  we  must  reject  this  observation  as  of  insuflS- 

cient  accuracy  for  the  purposes  of  the  investigation. 

The  position  assumed  above  proves  to  be  that  which  best  reconciles  itself  to 

the  excellent  observations  at  Calcutta  and  Madras,  and  to  the  automatic  records 

at  Port  Blair  and  in  a  less  degree  False  Point ;  I  shall  consequently  consider  that 

the  shock  did  originate  vertically  below  a  point  situated  in  Lat.  15^  N.,  and 

Long.  89**  E.,  and  that  it  travelled  with  a  velocity  of  1,950  feet  per  second,  being 

that  indicated  by  the  Madras  and  Calcutta  and  Port  Blair  observations.     Under 

these  circumstances  the  time  taken  by  the  earth-wave  to  travel  from  the'seismic 

vertical  to 

Port  Blair  would  be IS*  26" 

Calcatfca  „  26^  89" 

Madras  „  27'    9" 

(I  omit  Kisaeraing  and  False  Point  owing  to  probable  inaocuracies  of  the  records.) 

Subtracting  these  intervals  from  the  recorded  times,  we  have  the  Port  Blair 
mean  time  of  the  origin  of  the  earthquake  deduced  from  the 

Port  Blair  record  as 7A.  28^  86" 

Calcatta         „      „ 7A.  28^  28" 

Madras  „      , 7A.  28' 27" 


Mean         .    7 A.  28' 28" 

But  as  the  Port  Blair  record  is  liable  to  an  unknown  error  being  merely  to  the 
nearest  minute,  the  mean  of  the  Calcutta  and  Madras  results,  viz.,  yh.  28'  25'',  is 
probably  more  accurate.  Taking  this  result  and  reckoning  back  to  the  various 
stations  we  get  the  true  time  at 

Port  Blair,    7A.  43f  60"  instead  of  7A.  44,\  a  probable  error  of  .     + 10" 
False  Point,  7A.  Sdf    6"        „  7A.  64'  „  „  .     +  64" 

Kisseraing,    7A.  68' 58"        „  7A.  66'         „  „  .    — 3'68" 

The  depth  of  the  focus  below  the  level  of  the  sea  cannot  unfortunately  be 
ascertained,  the  only  records  that  could  give  the  angle  of  emergence  being  from 
Port  Blair  and,  as  mentioned  above,  they  are  indefinite,  and  all  we  can  say  is  that 
the  emergence  was  nearly  horizontal ;  from  this  we  would  deduce  a  focus  situated 
at  a  small  depth,  probably  about  5  or  10  miles,  and  being  improbably  over  16  miles 
from  the  surface. 

In  the  shape  of  the  area  over  which  the  shock  was  felt  there  is  a  notable  pecu- 
liarity as  regards  its  eastern  boundary  between  Akyab  and  Tenasserim,  which 
seems  to  be  real  and  not  merely  due  to  insufficient  information,  for  Rangoon  and 
Moulmein  are  large  cities  with  a  considerable  resident  European  population,  so 
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tliat  the  shook  if  felt  could  hardly  have  escaped  record.^  In  the  Mergni  i 
pelago  it  is  recorded  as  slight,  and  it  is  very  doubtful  whether  it  was  fi 
Tenasserim.  To  the  south,  west,  and  north  the  configuration  is  very  diffi 
the  shock  is  recorded  as  severe  at  Acheen ;  it  was  felt  by  the  ship  Mount  i 
in  N.  Lat.  3°  54'  B.  Long.  91°  21';  to  the  west  it  was  felt  at  CaUcut ; 
to  the  north  is  said  to  have  been  felt  at  Ghunar,  though  Oaya  is  pot 
the  extreme  limit.  This  peculiarity  may  in  part  be  due  to  a  difference  h 
rocks  traversed,  but  not  being  fully  accounted  for  in  that  manner  cleari 
dicates  that  the  shock  had  its  origin  in  a  fissure  underlying  strongly  to  the 
If  we  accepted  the  Chunar  record,  it  would  almost  be  necessary  to  suppof 
fissure  curved  and  bending  round  from  about  S.-W.  to  S.-E,  rejecting  : 
come  to  the  conclusion  that  this  earthquake  had  its  origin  in  a  straigl 
nearly  straight,  fissure  bearing  about  N.-W.  and  S.-E.  and  underljringi 
S.-W.,  a  far  more  probable  configuration  than  the  first,  and  one  which  ii 
absolutely  incompatible  with  the  Ghunar  record,  if  that  is  correct. 

When  we  come  to  examine  the  records  of  the  tide  gauges  the  first 
to  be  noticed  is  the  absence  of  any  record  from  the  stations  on  the  Burmese  < 
while  the  wave  is  shown  to  have  reached  points  on  the  western  coast  of  th( 
situated  at  a  greater  distance  from  the  centre.  This,  however,  ceases  to  be  rex 
able  when  we  ecKamine  the  records  from  the  stations  on  the  delta  of  the  Gtz 
At  Dablat  the  height  of  the  wave  is  12  inches,  while  at  False  Point  it  i 
2  inches,  and  merely  perceptible  at  Diamond  Harbour ;  if  on  the  delta  of  the  Qb 
exposed  to  the  full  force  of  the  wave,  the  mere  shoaling  of  the  waters  pro( 
such  an  effect,  it  is  not  surprising  that  a  similar  shoaling  at  the  mouth  ( 
Irrawadi  should  have  entirely  destroyed  the  wave  already  enfeebled  by 
barrier  stretching  between  Gape  Negrais  and  the  Andaman  islands. 

Between  the  centre  and  Port  Blair  the  wave  must  have  travelled  by ! 
cuitous  route,  and  as  it  is  impossible  to  say  what  allowance  is  to  be  made  foi 
it  becomes  impracticable  to  correctly  calculate  the  rate  at  which  it  travelled 
all  probability  the  first  wave  recorded  came  round  the  south  of  the  island, ' 
the  curve  bears  ample  evidence  that  the  subsequent  long-continued  and  co 
cated  disturbance  was  due  to  the  interference  of  the  two  sets  of  waves- 
travelling  from  the  north,  the  other  from  the  south. 

Taking,  for  convenience  of  calculation,  the  time  of  origin  of  the  wa 
7h.  28'  3Cr,  the  error  so  introduced  being  comparatively  insignificant,  and  h 
case  certainly  not  greater  than  that  due  to  want  of  accuracy  in  the  records 
find  that  the  mean  rate  of  transit  of  th^  wave  between  the  centre  and 


pAnmben  is 
NegHpatam  ,. 
MAcLrHs 
Vixagapntam  ,» 
False  Point 
Dablat 
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» 


Feet  per  second. 
281 
359 
311 
173 
213 
104 


^  Ai  this  note  was  passing  through  the  press  a  paper  on  '  Earthquake  distarbanoea  < 
Tides  on  the  coasts  of  India,'  by  Lieutenant- General  J.  T.  Walker,  G.B.,  F.U.S.,  etc.,  ap] 
in  '  Nature/  February  14th,  in  which  it  is  incidentally  mentioned  that  the  earthquake  w 
at  Rangoon  and  Mo\ilmein. 
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Of  these,  the  di&renoe  between  the  mean  rates  to  Negapatam  and  Paumben 
is  dne  to  the  long  stretch  of  shallow  water  crossed  in  the  latter  case ;  but  the 
difference  between  Madras  and  Negapatam  is  noticeable,  and  is  probably  due  to 
the  shallowing  of  the  bay  by  the  deposit  in  it  of  the  silt  brought  down  by  the 
Kistna  and  Godavery  rivers ;  this  same  cause  has  evidently  affected  the  velocity 
between  the  centre  and  Yizagapatam,  while  the  increase  in  velocity  between  the 
centre  and  False  Point  indicates  that  the  wave  has  travelled  over  the  depression 
between  ^e  two  banks  caused  by  the  deposit  from  the  Kistna  and  Godavery 
on  the  one  hand  and  the  Ganges  and  Brahmaputra  on  the  other. 

This  notice,  besides  its  direct  bearing  on  the  earthquake  in  question,  shows 
the  great  value  of  a  few  really  accurate  time  observations  which,  taken  in 
conjunction  with  such  simple  observations  as  are  within  the  power  of  all  to  make, 
have  enabled  me  to  fix  the  position  of  the  seismic  vertical,  the  velocity  of  trans- 
mission of  the  earth- wave,  and  the  approximate  form  of  the  focus ;  had  it  ori- 
ginated inland  there  might  not  improbably  have  been  sufficient  information 
available  to  fix  the  depth  of  the  focus— -in  the  present  state  of  our  knowledge,  one 
of  the  most  important,  if  not  the  most  important  point  to  be  determined  with 
some  deg^ree  of  accuracy.  Under  these  circumstances  it  is  unfortunate  that  in 
the  system  of  seismological  observations  recently  sanctioned  by  Government  an 
accurate  determination  of  the  time  could  not  be  incorporated,  but  with  the 
unskilled  even  where  not  unsympathetic  observers  who  are  alone,  as  a  rule,  avail- 
able, it  would  be  impossible  to  secure  that  accuracy  of  record  which  alone  would 
be  of  use ;  for  this  is  especially  a  case  where  an  inaccuracy,  where  accuracy  is 
looked  for,  is  worse  than  no  record  at  all. 

The  following  facts,  though  not  strictly  related  to  the  earthquake  under  consi- 
deration,  may  with  advantage  be  put  on  record  here. 

The  master  of  the  ship  Oommonwealth  reported  that  he  felt  three  shocks 
of  earthquake  on  the  1st  January  1882  ia  N.  Lat.  S''  20',  E.  Long.  92""  42', 
and  that  the  whole  of  the  Car  Nicobar  was  hidden  by  smoke.  Major  Birch  on 
his  subsequent  visit  to  the  island  could  find  no  foundation  for  this  statement,  so 
that  in  all  probability  it  was  only  the  smoke  of  a  fire  that  was  seen. 

This  shock  was  stated  in  the  daily  papers  to  have  been  felt  at  Khatmandu, 
in  Nepal ;  but  to  judge  from  the  more  detailed  information  placed  at  my  disposal, 
this  cannot  have  been  the  same  shock. 


On  the  Microscopic  structure  of  some  Himalayan  granites  and  gneissose  granites, 
hy  Colonel  C.  A.  McMahon,  F.G.S.     (With  a  Plate.) 

In  my  paper  "  On  the  microscopic  structure  of  some  Dalhousie  rocks,"  '  I 
have  already  given  an  account  of  the  structure  of  the  gneissose  granite  of  Dain- 
knnd,  Dalhousie.  This  paper  is  occupied  with  a  description  of  the  "  outer  band  ** 
of  gneissose  granite  at  Dalhousie,  called  gneiss  in  my  previous  papers,  and  of 
gneissose  granite  found  in  the  Sutlej  valley,  and  in  the  Chor  mountain  near  Simla. 
I  have  also,  for  the  sake  of  comparison,  described  the  microscopic  structure  of  some 
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nndonbtedly  eruptive  granites,  which  inyade  Bilorian  and  camhrian  (?)  rooks  in 
the  Kavi  and  Sntlej  valleys. 

In  this  paper  I  propose  to  follow  my  osnal  enstom,  and  begin  with  a  somewhai 
detailed  account  of  the  several  specimens,  and  conclude  with  some  general  remarks 
by  way  of  summing  up  the  results  of  my  investigation. 

1.  Granite  intrusive  in  the  schists  above  Darwas,  &om  a  dyke  on  the  road 
between  Darwds  and  Kilar,  Pdngi  valley,  Chamba.^  The  hand  specimen  shows 
the  jimction  of  the  granite  and  the  mica  schists,  A  parallelism  of  stracioze, 
evidently  due  to  traction,  is,  to  a  certain  extent,  observable  in  the  granite. 
Schorl  is  abundant  in  the  hand  specimen,  but  none  occurs  in  the  slice. 

^....Qaartz,  orthoclase,  and  a  silvery  mica,  are  abundant,  and  there  is  a 
little  triclinic  felspar. 

The  quartz  is  hyaline,  and  contains  a  prodigious  number  of  liquid  cavities. 
Most  of  the  orthoclase  is  white  and  opaque.  The  slice  contains  a  large  garnet  of 
decidedly  pink  colour  in  transmitted  light ;  part  of  it  is  decomposed.  Thraie  are 
several  belonites,  but  they  do  not  contain  any  shrinkage  cavities. 

Viewed  macroscopically,  the  mica  is  of  a  brilliant  silvery  metallic  lustre,  but 
under  the  microscope  it  is  dull,  and  shows  no  colours  under  the  polariscope. 

Nos.  2,  3,  and  4.— Granite  intrusive  in  quartzite  and  in  schistose  rocks  at  Leo, 
on  the  Spiti  river.  It  occurs  in  dykes  and  veins  varying  in  thickness  from 
30  feet  to  a  fraction  of  an  inch,  and  penetrates  the  rocks  in  all  directions.  (See 
Records,  Vol.  XII,  p.  60.) 

2.  A  fine-grained  granite. 

3.  A  medium-grained  granite.  Muscovite  having  a  brilliant  silvery  lustre  is 
very  prominent.  Schorl  is  not  visible  to  the  naked  eye.  The  felspar  is  of  dull 
white  colour,  diifering  little  in  tint  from  the  quarts.  A  pink  garnet  is  visible 
in  the  hand  specimen. 

4.  A  fine-fiprained  granite.  Scarcely  any  muscovite  is  to  be  seen  with  a  lens, 
but  well-crystallised  minute  prisms  of  schorl  are  very  abundant,  and  give  the 
rock  a  speckled  appearance. 

]^, The  quartz  in  these  specimens  is  aliFost  wholly  of  polysynthetic  struc- 

ture  similar  to  the  **  fish  roe"  quartz  of  the  Dalhousie  gneissose  granite.  It  con- 
tains liquid  cavities  with  movable  bubbles,  though  not  in  great  abundance. 

Orthoclase  and  plagioclase  are  both  present,  and,  apparently,  in  nearly  equal 
quantities.  The  twinning  is  very  fine,  the  lamellsB  being  extremely  thin.  In  some 
CTTste^  ^^7  *^  slightly  curved  out  of  the  perpendicular ;  in  other  felspars  cracks 
have  been  formed  subsequent  to  the  twinning,  and  have  been  filled  with  quartz ; 
whilst  in  one  instance  the  twinning  has  been  faulted  by  a  diagonal  fracture.  All 
these  circumstances  seem  to  indicate  conditions  of  strain  connected  with  the  in- 
trusion of  the  granite  into  the  sedimentary  rocks. 

Muscovite  is  abundant  in  all  the  specimens,  and  in  all  it  polarizes  in  delicate 
colours,  but  with  extreme  brilliancy,  as  in  the  Dalhousie  gneisso&e  granite.  All 
the  slices  contain  schorl,  garnets,  and  a  little  green  mica.  In  No.  3,  the  schorl 
and  garnets  are  in  strings,  having  a  common  direction,  the  result  doubtless  of 
traction.     The  garnets  contain  enclosures  with  fixed  bubbles,  and  one  of  the  en- 
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olosures  is  apparentlj  a  "  stone  cavity."    Quarts  enclosures  are  common  in  the 
schorL 

Neither  magnetite  nor  ilmeuite  is  present^  but  red  ferruginous  stains  are  not 
uncommon. 

Nob,  5  to  12.— Ghranite  from  the  cliffs  above  J&ngi,  SuUej  valley.  I  have 
described  the  mode  in  which  the  granite  occurs  in  previous  papers  (Records, 
Vol.  X,  p.  221 ;  Vol.  XII,  p.  57).  The  result  of  its  study  in  the  field  on  two  occa- 
sions left  no  doubt  in  my  mind  of  its  intrusive  character.  The  rock  is  white  and 
fine-grained,  and  is  composed  of  quartz,  felspar,  and  biotite. 

M.— -Quartz  is  more  abundant  than  felspar,  but  not  notably  so.  Plagioclase 
is  sparse,  and  is  very  subordinate  to  the  orthoclase.  All  the  slices  contain  micro- 
oline,  except  No.  7. 

Oamets  are  present^  but  they  are  veiy  'small ;  some  of  them  contain  liquid 
cavities  with  extremely  minute  movable  bubbles. 

Biotite  is  plentiful ;  it  occurs  in  large  groups,  in  which  the  folia  are  oriented 
.  in  all  directions  and  the  basal  cleavage  is  strongly  developed,  and  also  in  the 
form  of  minute  rounded  or  hexagonal-shaped  microliths  scattered  abundantly 
through  the  ground  mass.  Elongated  microliths  of  it  are  also  present,  bat  they 
are  not  so  numerous.  It  is  of  rich  brown-greea  and  green-brown  colour  in  trans- 
mitted, and  deep  black  in  reflected,  light. 

Except  in  the  form  of  microliths,  muscovite  is  extremely  scarce.  The  only 
piece  of  any  size  occurs  imbedded  in  a  group  of  biotite.  Thousands  of  microliths 
of  this  mica  are  crowded  together  in  many  of  the  felspars  in  a  way  exactly  simi- 
lar to  that  described  in  my  paper  on  the  gneissose  granites  of  Dalhousie.'  At 
times,  they  are  scattered  about  in  a  promiscuous  manner ;  at  others,  they  conform 
to  the  direction  of  the  cleavage  planes  of  the  felspar. 

In  the  slices  of  the  J&ngi  granite  under  consideration,  and  in  the  gneissose 
granite  of  the  Sutlej  valley  generally,  these  muscovite  microliths — for  such  I  take 
them  to  be — ^frequently  assume  very  curious  combinations,  imitative  or  suggestive 
of  organic  structures,  the  result,  I  apprehend,  of  the  imperfect  development  or 
arrested  crystallisation  of  these  microliths.  At  fig.  9  I  have  sketched  a  dendritic 
combination  that  occurs  in  one  of  the  slices. 

At  fig.  10  I  have  given  a  sketch  of  crystals  formed  within  a  crystal  ("  stone 
enclosure  ")  with  a  contraction  bubble,  due  to  shrinkage  on  cooling.  This  illus- 
tration is  taken  from  slice  No.  8.  As  the  J&ngi  granite  is  undoubtedly  an  erup- 
tive rock  intrusive  in  the  schists  in  which  it  occurs,  it  is  interesting  to  compare 
the  enclosures  contained  in  it  with  those  of  rocks  whose  eruptive  character  is 
more  doubtfuL 

Figs.  11, 12,  and  13  are  sketches  of  microscopic  crystals  (greatly  enlarged) 
found  in  slice  No.  7,  which  are  typical  of  the  kinds  of  enclosures  not  uncommon  in 
the  granites  and  gneissose  granites  of  the  Sutlej  valley.  No.  11  contains  numerous 
cavities  with  contraction  bubbles  in  them.  No.  12  encloses  stone  cavities  or 
crystals,  with  bubbles  in  them,  and  gas  cavities ;  whilst  No.  13  contains  cavities 
and  crystals,  one  of  the  former  of  which  holds  a  nearly  rectangular  crystal. 
The  crack  observable  in  No.  11  is  probably  due  to  shrinkage  on  cooling.    Enclo- 
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•ares,  snch  as  tbose  depicted,  are  characteristic  of  igneous  rooks;  ihey  show  that 
the  mass  which  contains  them  was  subjected  to  great  heat  and  was  rednced  to  a 
more  or  less  fluid  or  plastic  condition ;  that  the  ciystals  under  observation  con- 
tracted on  cooling,  and  that  they  either  caught  up  the  micro-crystals  and  the 
fluids  and  gasses  now  enclosed  in  them  in  the  act  of  crystallisation,  or  that  the 
mineral  matter  at  the  time  of  consolidation  deposited  these  endo-crystEds,  and  the 
fluid  and  gas,  held  in  solution,  or  occluded  in  it,  when  at  a  high  temperature. 

No.  13. — Granite  from  a  dyke  near  Rdrang,  Sutlej  valley.  This  dyke  (Re- 
cords, Vol.  X,  p.  221)  is  about  300  or  400  feet  wide,  and  cuts  through  thin-bedded 
mica  schists  up  to  the  crest  of  the  ridge,  sending  out  large  lateral  veins  into  the 
schists.  It  is  a  very  fine-grained  rock,  of  much  darker  colour  than  the  last, 
owing  to  the  abundance  of  biotite  present  in  it.  The  felspar  is  very  glassy  look- 
ing, and  much  resembles  quartz  in  colour  and  aspect.  A  paraUelism  in  the 
arrangement  of  the  biotite,  resembling, incipient  foliation,  is,  to  a  certain  extent^ 

observable. 

M. — Quartz  predominates  over  the  felspar,  and  orthoclase  is  very  subordinate 
to  plagioclase.  The  slice  contains  no  muscovite,  except  in  the  form  of  microliths. 
There  are  a  few  small  garnets.  In  general  characteristics  this  rook  much  xesem- 
bles  the  J4ngi  granite,  and  doubtless  it  is  only  a  vari^  of  it. 

The  quartz  contains  numerous  liquid  cavities.  The  great  majority  of  them 
are  without  bubbles ;  others  have  fixed  bubbles  and  some  few  movable  bubbles. 
A  flattened  variety  of  liquid  cavity,  with  a  fixed  bubble,  is  common. 

Several  of  the  microliths  have  elongated  shrinkage  cavities  or  bubbles. 

^q'Q.  ]4. — Granite  from  the  centre  of  a  dyke  intrusive  in  mica  schists  at 
P&ngi,  Sutlej  valley.^  A  fine-grained  white  granite,  containing  white  felspar 
quartz,  muscovite,  biotite,  and  schorl.     The  musoovite  is  in  hexagonal-shaped 

packets. 

^,.— Quartz  is  decidedly  subordinate  to  felspar ;  plagioclase  to  orthoclase,  and 

biotite  to  muscovite.     Schorl  and  garnets  are  present.     The  muscovite  is  well 

crystallised  and  is  in  hexagonal  plates.     The  cleavage  of  both  musoovite  and 

biotite  is  strongly  developed,  and  some  of  the  biotite  is  enclosed  in  muscovite. 

The  felspar  is  free  from  microliths  of  muscovite  and  biotite.     A  little  micro- 

cline  is  present. 

One  of  the  garnets — or  what  I  doubt  not  is  a  garnet — exhibits  double  refraction. 
It  is  colourless  in  transmitted  light,  and  is  evidently  unaltered,  so  that  the  double 
refraction  is  not  due  to  alteration.  The  garnet  is  also  too  large,  and  the  slice  is 
too  thin  to  admit  of  the  supposition  that  the  section  of  the  mineral  under  exami- 
nation is  superimposed  on  a  slice  of  quartz  or  felspar,  so  its  abnormal  behaviour 
between  crossed  nicols  cannot  be  attributed  to  the  intervention  of  a  doubly 
refractive  medium.  I  have  sometimes  observed  the  peculiarity  now  noted  in 
eamets  in  tiie  gneissose  granites,  though  the  double  refraction  is  usually  veiy 

feeble. 

One  variety  of  garnet,  colophonite,  is  said  to  exhibit  double  refraction ;  and,  vide 

E.  S.   Dana's  Appendix    III,  page   60,  garnets  are  considered  pseudo-isometricy 

and  are  referred  to  the  triclinic  system  by  Mallard  and  Bertrand.     But  may  not 
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tiie  occasional  and  generally  very  feeble  double  refraction  of  some  of  the  garnets 
of  the  granites  and  gneissose  granites  of  the  North. West  ELimalayas  be  due  to 
strain  and  be  simply  one  of  the  results  of  pressure  consequent  on  intrusion  ?  It  is 
well  known  that  glass  subjected  to  strain  exhibits  double  refraction. 

Liquid  cavities,  with  fixed  and  movable  bubbles,  are  abundant.  The  bubbles 
are  of  good  size,  and  for  the  most  part  cover  about  half  the  area  of  the  cavity, 
indicating  a  condition  of  very  great  heat  and  great  subsequent  contraction  on 
cooling.  The  whole  aspect  of  the  rock  shows  that  the  granite,  when  injected 
into  the  8ohistS|  was  in  a  completely  fused  or  fluid  condition,  and  cooled  slowly, 
hence  the  perfectly  crystalline  condition  of  its  component  minerals. 

No.  15. — Ghranite  from  another  large  dyke :  Pangi,  Bassdhir.  Similar  dykes 
are  rather  nnmerous  in  the  gneissose  granite  between  Wangtu  and  Pdngi. 
Muscovite  is  plentiful,  and  a  dark-green  mica  is  rather  abundant.  Schorl  is  pre- 
sent in  some  quantity.  The  felspar  assumes  a  green  appearance  here  and  there, 
owing  apparently  to  the  deposit  of  a  thin  superficial  film  of  chlorite. 

M.-— Orthoclase  is  more  abundant  than  quartz.  Plagioclase  is  present,  but 
in  very  small  quantity.  The  double  refraction  of  the  muscovite  is  so  great  thai 
the  thinnest  sections  of  it  only  show  the  feeblest  colours  in  polarized  light.  The 
basal  cleavage  lines  of  the  green  mica  are  well  developed  in  some  sections.  Mica 
is  not  present  in  the  form  of  microliths. 

Liquid  cavities  with  movable  bubbles  are  extremely  numerous  both  in  the 
quartz  and  in  the  felspar.  As  in  the  last  specimen,  the  bubbles  are  large  relatively 
to  the  size  of  the  cavities,  and  they  are  remarkably  lively.  Much  of  the  felspar 
is  opaque  owing  to  the  abundance  of  the  enclosures  in  it,  partly  liquid  and  pai*tly 
nnresolvable  ones.  The  slice  contains  gas  cavities,  but  they  are  not  abun- 
dant. I  cannot  call  to  mind  any  rock  in  which  liquid  cavities  are  more  abun- 
dant than  in  this  specimen.  I  have  not  observed  a  single  microlith  in  this 
slice. 

As  in  the  last  rock  described,  this  granite  was  evidently  subjected  to  intense 
heat,  and  reduced  by  igneo-aqueous  action  to  a  fused  condition  and  subsequently 
cooled  slowly. 

Nos.  16  to  19. — Gneissose  granite  :  Wangtu*  Sutlej  valley,  Bassahir.  These 
specimens  contain  an  abundance  of  very  black  biotite,  in  the  arrangement  of  which 
parallelism  of  structure  is  very  distinct. 

M. — In  these  slices  orthoclase  largely  predominates  over  the  plagioclase; 
whilst  quartz  and  felspar  are  present  in  about  equal  proportions.  Biotite  and 
muscovite  are  both  present ;  the  former  predominates  in  leaves  of  other  than 
microscopic  size,  but  the  muscovite  is  abundant  in  micro-crystalline  agglomera- 
tions in  the  form  of  microliths  in  the  felspar,  as  described  in  the  Jdngi  granite, 
slices  6 — 8. 

The  dendritic  combinations  described  in  connection  with  the  Jdngi  granite 
occur  in  these  slices,  and  fig.  9  is  taken  from  one  of  them. 

The  quartz  in  these  slices  occurs  in  grains  of  moderate  size,  and  also  in  fish 
roe  grains,  the  latter  showing  a  decided  tendency  to  assume  hexagonal  outlines. 

'  A  brief  alloBion  to  the  rocks  at  Wangtu  is  contained  in  my  paper  in  the  10th  Yolame  of 
Records,  pp.  218,  219. 
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The  quartz  oontains  nnmeroiis  liquid  oavitiefl  with  btibUeSi  ^(mie  of  wbieh 
movable.  Mucb  of  the  felspar  is  very  opaque ;  but  in  sotoe  the  intersectiim  of 
the  basal  and  clino-diagonal  cleavage  planes  is  well  seen. 

This  rock  has  all  the  appearance  under  the  microscope  of  an  ordinary  granite 
of  eruptive  origin. 

Nos.  20  and  21. — Granite  from  the  neighbourhood  of  Wangtu. 
M. — Plagioclase  is  the  predominating  felspar,  though  orthoclase  is  also  present. 
Miorocline  is  abundant  and  is  of  typical  character.    In  slice  No.  14  one  of 
the  crystab  is  of  large  size.     The  orthoclase  and  microdine  taken  together, 
equal,  or  nearly  equal,  the  plagioclase. 

Schorl  is  abundant,  and  contains  numerous  inclusions  of  quarts.  Kotiie  and 
muscovite  are  present,  but  in  stnall  quantities.  The  quarts  is  very  mibordinate  in 
amount  to  the  felspar. 

Liquid  cavities  with  movable  bubbles  abound  in  the  quartz,  and  I  have  ob- 
served some  with  fixed  bubbles  in  the  felspar.  The  bubbles  are  of  good  size^  and 
the  area  of  the  cavities  appears,  at  a  rough  gpueas,  to  be  about  two  and  a  half 
times  that  of  the  bubbles  contained  in  them. 

The  quartz  enclosed  in  the  schorl  contains  liquid  cavities  with  movalUe 
bubbles,  whilst  the  schorl  itself  contains  cavities  with  fixed  bubbles.  There  ace 
some  microliths  containing  what  appear  to  be  shrinkage  cavities  in  them. 

Beryl  from  a  granite  dyke  nea/r  Wangtu^  8utl^  Valley. — I  have  beryl  taken 
from  a  granite  dyke  which  is  intrasive  in  the  gneissose  granite  at  Wangtu 
enclosed  in  quartz,  in  felspar,  and  in  muscovite,  and  it  is  therefore  dear  that 
beryl  was  the  first  mineral  to  crystallise.  An  examination  of  thin  slices  of  the 
beryl  under  the  microscope  is  particularly  interesting,  as  it  enables  us  to  ascertain 
the  condition  of  the  fused  mass  at  an  early  stage  of  cooling  before  the  quartz^ 
felspar,  and  muscovite  had  begun  to  crystallise. 

The  examination  of  these  slices  shows  that  the  magma  must  have  been  in  a 
fluid  state,  and  that  a  considerable  amount  of  heated  gas,  water,  and  carbon 
dioxide  were  intimately  blended  with  it  in  a  superheated  condition  when  the 
beryl  crystallised. 

The  number  of  enclosures  containing  bubbles  to  be  seen  in  these  slices  is  quite 
extraordinary.  The  enclosures  are  of  various  shapes ;  some  are  hexagonal,  otiiers 
are  more  or  less  round  or  of  very  irregular  shapes.  The  bubbles,  as  a  rule,  occupy 
about  half  the  area  of  the  cavities  which  contain  them.  Some  of  the  bubbles 
are  movable,  but  the  great  majority  of  them  are  stationary.  Many  of  the  lacunso 
are  full  of  liquid,  whilst  others  contain  gas,  which  in  many  cases  has  contracted 
on  cooling.  Some  liquid  cavities  contain  globules  of  liquid  carbon  dioidde  with 
enclosed  vacuum  bubbles — ^bubbles  within  bubbles — the  inner  bubbles  being 
movable  and  in  some  cases  remarkably  lively.  There  seems  to  be  no  doubt  of  the 
larger  bubble  being  carbon  dioxide,  as  the  inner  bubble  disappears  when  a  piece 
of  heated  iron  is  brought  near  it  and  re-appears  on  cooliog. 

The  beryl  also  contains  some  good ''  stone  cavities''  with  fixed  bubbles,  that  is  to 

say,  enclosures  in  which  a  stony  base  has  deposited  crystalline  matter  on  cooling. 

Nos.  22  to  25. — Gneissose  granite  at  Chora  between  Sarhan  and  Taranda, 

Sutlej  valley.    The  extreme  whiteness  of  the  felspar  is  in  strong  contrast  with  the 


PA£i  2.]    HcMahoK:  Microscopic  structure  of  some  Himalayan  granites.     59 

blaclmeBS  of  the  biotite,  which  is  abundant.     A  parallelism  of  stmeture  in  the 
arrangement  of  the  biotite  is,  to  a  certain  extent,  observable  in  the  hand  specimen. 

M.-— Orthodase  and  quartz  are  probably  about  equal  in  amount ;  plagioclase 
is  also  present,  but  is  subordinate ;  schorl  is  very  abundant^  it  is  in  large  irregu- 
larly shaped  pieces^  and  encloses  rather  large  grains  of  quartz.  The  slice  also 
4^Titrf^iTiiy  muscovite,  biotite^  and  garnet.  The  biotite  and  muscovite  are  for  the 
most  part  linked  together  in  tortuous  strings ;  leaves  of  the  one  occasionally 
alternating  with  the  other  species  of  mica :  micro-garnets,  and  rounded  microliths 
of  biotite  are  scattered  rather  freely  through  the  slice. 

Ghm  cavities  are  abundant,  and  there  are  good  liquid  cavities  with  movable 
bubbles.     The  flat  type  of  liquid  cavities  is  also  common. 

The  slice  contains  numerous  stone  enclosures  that  have  deposited  dusty 
matter  on  cooling.  One  of  these,  depicted  at  figure  5,  has  been  fractured ; 
the  fractures  being  probably  due  to  contraction  on  cooling,  and  the  subsequent 
dislocation  to  a  tremulous  movement  of  the  viscid  matrix.  In  other  cases,, 
instances  of  which  are  depicted  at  figpires  6  and  7,  these  stone  enclosures,  or 
crystals,  have  either  deposited  minute  endo-crystals  on  cooling,  or  have  in  the 
process  of  their  own  crystallisation  caught  up  previously  formed  microliths  and 
held  them  in  their  embrace  during  consolidation. 

Tn  either  case,  the  instances  illustrated  at  figs.  5,  6,  and  7  show  that  the 
rock  was,  at  one  stage  in  its  history,  in  a  more  or  less  liquid  or  fused  condition. 

At  fig.  8  I  have  given  another  illustration  from  those  slices,  in  which  minute 
crystals  are  contained  in  another  crystal,  which  is  itself  caught  up  in,  or  was 
deposited  from,  a  stone  enclosure. 

The  size  of  the  bubbles  in  the  liquid  lacunaa  relatively  to  the  area  of  the 
cavities  varies  considerably,  but  I  should  think  on  the  average  the  cavities  cover 
an  area  of  from  two  and  a  half  to  three  times  that  of  the  bubbles. 

Nos.  26  to  30. — Gneissose  granite  between  Ealog  and  Bali,  Sutlej  valley.  On 
the  high  level  road,  now  fallen  to  ruin,  between  Nakanda  and  B&mpur. 

M. — These  slices  contain  some  cavities  that  have  deposited  stony  material, 
enclosures  with  fixed  bubbles  in  them  and  microliths  that  contain  cracks  which 
have  evidently  resulted  from  shrinkage  on  cooling. 

Nos.  31  to  33. — Gneissose  granite  from  the  Eot  peak  above  the  Bdgi  road, 
described  at  Vol.  X,  p.  217,  Records. 

M. — This  rock  has  all  the  appearance  of  a  true  gpranite  imder  the  microscope. 
Orthoclase  and  plagioclase  are  both  present — the  latter  in  some  abundance. 
Biotite  and  muscovite  are  plentiful.     Quartz  is  subordinate  to  the  felspar. 

Muscovite  is  present  in  the  form  of  well-cleaved  folia  and  also  as  microliths, 
the  latter  being  very  abundant.     Biotite  also  occurs  in  large  microscopic  leaves , 
grouped  together,  and  in  small  rounded  isolated  ones  of  microscopic  size  scat- 
tered through  the  ground  mass. 

Long,  attenuated,  colourless  microliths,  often  bent  and  broken,  are  present  in 
considerable  abundance,  and  appear  to  be  imperfectly  developed  apatite. 

Opacite  occurs  in  some  quantity ;  sometimes  it  is  attached  to  microliths  and 
at  others  is  caught  up  inside  them,  in  both  cases  being  very  similar  to  those 
described  in  my  paper  on  the  lavas  of  Aden.  See  figs.  4,  6,  11,  12,  and  13  of  the 
plate  illustrating  that  paper.     Records,  Vol.  XVI,  p.  158. 


60  Records  of  tie  Geological  Survey  of  India.  [vol.  xvii. 

Some  microliths  contain  what  appear  to  be  sbrinkage  cavities  and  enclosed 
micro-crystals.  One  of  the  former  is  tmdoubtedly  due  to  shrinkage  on  cooling, 
as  it  mns  the  length  of  the  microlith  and  conforms  to  its  shape.  The  illustration 
given  at  (a)  of  fig.  11  of  the  last-quoted  paper  applies  equallj  to  the  microliths 
now  described. 

The  quartz  contains  liquid  cavities  with  movable  bubbles,  but  they  are  not 
very  abundant.  It  also  contains  elongated  prismatic  enclosures  that  have 
deposited  dusty  matter  on  cooling. 

Slice  23  contains  some  minute  prisms  of  schorl  and  some  heematite  or 
gothite. 

Nos.  34>  to  50. — GneisROse  granite,  Bdgi  road.  All  that  needs  to  be  noted 
regarding  these  specimens  is  that  they  contain  liquid  cavities  with  movable 
bubbles,  numerous  microliths  with  fixed  bubbles  and  elongated  shrinkage  cavi- 
ties, running  with  the  length  of  the  microlith ;  and  microliths  cracked  through 
shrinkage  and  fractured  owing  to  a  tremulous  movement  in  the  viscid  matrix. 
These  microliths  have  either  caught  up  opacite  at  the  time  of  formation  or 
have  deposited  it  on  cooling,  and  they  have  opacite  granules  attached  to  them, 
in  both  cases  resembling  those  described  under  Nos.  31  to  33,  and  which  have 
been  compared  with  similar  bodies  in  the  Aden  lavas. 

No.  51. — A  dark  porphyritic  gneiss,  from  the  flank  of  Hattu,  between  Hattu 
and  Nakanda.  There  is  a  small  outcrop  at  about  the  same  elevation  as  the 
Nakanda  travellers'  bungalow.  The  gneiss  contains  small  felspar  "eyes"  and 
large  rectangular  crystals  of  orthoclase. 

M. — This  is,  I  think,  a  metamorphic  rock.  It  is  composed  of  quartz  in 
minute  granules,  orthoclase,  a  few  crystals  of  plagioclase,  and  countless  leaves 
of  a  dark  greenish-brown  mica.  There  is  complete  parallelism  of  structure,  and 
all  the  leaves  of  mica  not  only  point  in  the  same  direction,  but  their  optical 
orientation  is  perfectly  homogeneous,  and  when  the  slice  is  revolved  under  a 
single  nicol,  extinction  is  simultaneous  in  all  the  leaves. 

Some  colourless  mica  and  some  garnets  are  present,  and  countless  crystals 
and  granules  of  epidote.     There  are  no  liquid  cavities  with  bubbles. 

Nos.  52  and  53. — From  the  summit  of  Hattu.  These  specimens  would,  if 
their  macroscopical  appearance  alone  were  considered,  be  classed  as  ordinary 
and  very  typical  gneis^. 

The  felspar  is  present  in  the  form  of  eyes,  and  in  elongated  masses  or  strings 
of  ^"^e^^  and  occasionally  in  more  rectangular  crystals.  Many  of  the  eyes  exhibit 
carlsbad  twinning,  the  twinning  plane  coincidine:  with  the  longest  diameter  of 
the  eye.  The  matrix  is  strongly  foliated,  lines  of  dark  mica  curving  round  the  fels- 
par crystals.   The  cleavage  planes  of  the  rock  sparkle  with  minute  facets  of  mica. 

M. — Quartz  predominates  over  the  felspar  and  plagioclase  is  sparse.  A  large 
crystal  of  orthoclase  is  twinned  on  the  carlsbad  type,  and  in  one  twin  an  inter- 
growth  of  plagioclase  has  taken  place. 

The  leaves  of  muscovite  and  biotite  exhibit  a  strong  tendency  to  arrange 
themselves  in  strings  which  flow  round  the  porphyritic  crystals.  The  leaves  of 
biotite  and  muscovite  in  these  chains  often  alternate  with  each  other,  at  other 

iB6cordf,VoLX,p.217. 
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times  part  of  a  string  is  formed  of  leaves  of  biotite  linked  together,  and  the 
other  portion  of  leaves  of  mascovite  combined  together.  The  leaves  do  not  all 
follow  each  other  in  straight  lines,  but  some  radiate  from  the  chain  at  high 
angles  to  it  Extinction  does  not  take  place  simultaneoaslj  in  all  the  leaves 
of  biotite  as  in  No.  51,  but  the  greater  proportion  of  the  leaves  in  the  field  of 
the  microscope  extinguish  together. 

The  mica  is  not  confined  to  these  strings,  but  is  also  scattered  promiscuously 
through  the  slice,  and  there  are  many  rounded  and  elongated  microliths  of 
biotite  in  the  slice.  Some  other  colourless  microliths  are  also  present,  but  they 
are  not  numerous. 

The  quartz  is  in  minute  grains,  and  a  general  parallelism  in  the  arrangement 
of  these  grains  is  distinctly  observable.  Flat  liquid  cavities,  with  fixed  bubbles, 
are  rather  numerous. 

•  Liquid  cavities,  with  movable  bubbles,  are  abundant  in  some  grains,  but  not  in 
others. 

Dendritical  muscovite  is  plentiful  in  one  of  these  slices. 

Slice  No.  52  contains  some  small  colourless  garnets. 

I  think  this  specimen  is  an  ordinary  gneiss. 

Nos.  54  to  59. — Ghranite  from  the  summit  of  the  Chor  mountain.  A  medium- 
grained  granite,  containing  quartz,  felspar,  a  dark  mica,  schorl,  and  some  small 
garnets.  Some  of  the  larger  orthoclase  crystals  are  seen  to  be  macled  on  the 
Carlsbad  type.  The  rock  has  a  speckled  appearance  owing  to  the  superficial 
decomposition  of  some  of  the  felspar. 

M.— It  is  not  possible  to  determine  the  relative  proportion  of  quartz  to  fels- 
par from  mere  inspection,  for  in  some  slices  quartz  preponderates  and  in  others 
felspar.  A  macroscopical  examination  of  the  hand  specimen,  moreover,  does  not 
enable  me  to  decide  the  question.  On  the  whole,  1  think,  quartz  and  felspar  are 
pretty  equally  divided. 

Plagioclase  is  present  in  some  abundance,  but  it  is  decidedly  subordinate  to 
orthoclase. 

Fibrous  felspar  is  to  be  seen  in  one  of  the  slices,  and  it  shades  here  and  there 
into  typical  microcline. 

Orthoclase  is  occasionally  seen  to  be  twinned  on  the  carlsbad  type,  and  one 
crystal  of  this  mineral  encloses  a  small  prism  of  orthoclase  macled  on  this  system. 

Muscovite  is  very  sparse  except  in  the  form  of  microliths,  but  these  are  so 
abundant  in  some  of  the  felspars  as  to  make  it  almost  impossible  to  say  whether 
the  latter  are  monoclinic  or  triclinic.  Some  cryptocrystalline  mica  ia  also 
present. 

The  biotite,  in  transmitted  light,  is  of  pale  greenish-brown  colour  in  sections 
that  display  the  basal  cleavage ;  whilst  sections  which  coincide  with  the  cleavage, 
viz.,  those  normal  to  the  optic  axis,  are  of  deep  rich  reddish-brown. 

Ghtmets,  colourless  in  transmitted  light,  are  rather  numerous.  They  are 
for  the  most  part  of  good  size,  and  frequently  present  regular  crystallographio 
outlines.  The  larger  ones  generally  present  six-sided  sections,  whilst  some  of  the 
minute  ones  appear  to  be  in  the  form  depicted  in  figs.  241,  242,  and  246,  page 
266,  J.  D.  Dana's  System  of  Mineralogy,  5th  edUion. 
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Some  of  tlie  slices  contain  patches  of  chloritic  matter,  which  appears  to  be 
a  secondary  product  resulting  from  the  alteration  of  garnet.  One  patch  is  four- 
sided,  the  sides  being  straight  lines,  and  is  doubtless  a  pseudomorph  after  gramet ; 
whilst,  in  other  cases,  small  g^ups  of  garnets,  some  of  which  are  in  process  of 
alteration,  are  embedded  in  chloritic  matter,  which,  it  seems  probable,  was 
formed  from  the  degradation  of  some  of  the  members  of  these  groups.  One  of 
the  garnets  exhibits  a  feeble  double  refraction. 

The  slice  is  stained  here  and  there  with  ferric  oxide  apparently,  derived  from 
ihe  biotite,  and  this  imparts  rather  a  pink  appearance  to  the  rock  viewed  macros- 
copically. 

Two  of  the  slices  contain  grains  of  magnetite  either  caught  up  in  or  adjoining 
leaves  of  biotite.  I  have  several  times  seen'  the  presence  of  magnetite  fringing 
biotite  or  hornblende  attributed  to  the  decomposition  of  these  minerals,  but  I  do 
not  think  there  are  any  grounds  for  supposing  that  the  magnetite  has  been  derived 
from  the  biotite  in  this  case,  for  the  grains  of  the  former  are  of  considerable  siie 
and  the  biotite  exhibits  no  signs  of  alteration  in  their  neighbourhood.  I  think 
the  biotite  was  attracted  to  the  magnetite,  by  molecular  attraction,  at  the  time  of 
crytallisation  and  formed  upon  it.  Magnetic  attraction  even  might  come  into 
play  between  magnetite  and  a  mineral  so  rich  in  iron  as  biotite.^  In  some  speci- 
mens (J.  D.  Dana)  the  percentage  rises  as  high  as  26'9. 

One  piece  of  felspar  contains  a  large  prism  of  quartz  with  pyramidal  ter- 
minations. The  felspej*  itself  is  a  veiy  peculiar  object.  It  is  traversed  in  parts 
by  irregular  straight  lines  running  in  one  direction  that  polarise  in  a  difFerent 
tint  to  the  body  of  the  felspar.  They  are  very  fine  lines  with  rather  jagged  sides, 
and  they  want  the  regulariiy  of  plagioclase  twinning.  Some  of  them  are  long 
and  some  of  them  are  short ;  some  bifurcate  towards  their  termination,  others 
inosculate  with  each  other.  These  lines  are  traversed  at  a  low  angle  by  another 
set  of  larger  and  still  more  irregular  lines,  or  veins,  which  here  and  there  meige 
into  the  first  set.  The  second  set  of  lines  is  filled  in  part  with  cryptocrystalline 
mica,  and  in  part  with  felspar.  At  their  terminal  ends  they  merge  into  patches  of 
cryptocrystalline  or  dendritic  mica.  It  is  difficult  to  say  whether  the  two  sets  of 
lines  are  due  to  intergrowth,  or  to  cracks  formed  along  intersecting  cleavage  lines 
before  the  whole  of  the  mineral  constituents  of  the  rock  had  completely  con- 
solidated. Such  cracking  might  easily  occur  in  a  viscid  or  partially  consolidated 
rock  sabjiected  to  great  strain  in  the  course  of  intrusion  into  hard  stratified  rocks, 
and  I  think  the  appearances  above  described  are  probabty  due  to  this  cause. 
Other  felspars  appear  also  to  have  been  cracked,  and  filled  with  a  confusedly 
crystalline  material  which  seems  to  be  in  part  micaceous. 

The  quartz  is  in  large  and  also  in  microscopic  grains ;  liquid  cavities  with 
'  movable  bubbles  are  not  numerous,  and  they  are  of  minute  size ;  cavities  with  fixed 
bubbles  containing  a  coloured  liquid,  or  glass,  are  not  uncommon.     Hair-like 
belonites  are  numerous  in  the  quartz. 

"  Stone  enclosures,"  or  microliths,  that  have  deposited  minerals  on  cooling, 
occur  in  these  slices.    A  sketch  of  one  is  given  at  fig.  1.     The  czystal  deposited 

^  Electro-magnetB  are  now  used  in  chemical  laboratoriei  to  separate  minaralf  rich  in  iron 
from  thote  poor  in  iron. 
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at  (a)  baa  curved  sides  snggestive  of  siderite.  Other  crystals  have  been  had 
deposited  at  (J>).  The  microlith  has  cracked  in  two  places,  probably  the  result  of 
ooniraction  on  cooling,  and  one  crack  has  resulted,  apparently,  in  its  division  into 

two  pieces. 

At  figs.  2,  3,  and  4,  I  have  depicted  illustrations,  taken  from  these  slices, 
of  opacite  (apparently  magnetite)  deposited  in  cavities.  It  is  difficult  to  say 
whether  the  opacite  was  deposited  on  cooling  from  a  glass  which,  when  under 
high  pressure,  at  a  great  heat,  held  it  in  suspension,  or  whether  the  glass  was 
attracted  to  the  opacite.  Figs.  2  and  3  seem  to  me  instances  of  the  former ;  but 
whichever  explanation  be  the  true  one,  in  either  case  the  rock  must  have  been 
in  a  fluid  or  semi-fluid  state ;  and  cases  such  as  those  depicted  in  figs.  1  to  4 
seem  to  indicate  that  the  rock,  before  consolidation,  was  in  a  condition  of  aqueo" 
igneous  fusion. 

U'o.  60. — From  the  crest  of  the  ridge  of  the  Chor  mountain  above  Barela. 
This  is  seen  to  be  composed  of  quartz,  felspar,  and  black  mica  (biotite).  Some 
of  the  felspars  are  in  large  porphyritic  crystals.  The  mica  is  embedded  in  the 
felspar  and  quartz,  but  it  principally  flows  in  streams  round  the  felspar  crystals 
and  gives  a  gneissic  aspect  to  the  rock. 

M, — The  quartz  is  in  small  grains  with  the  meandering  irregular  outlines 
characteristic  of  the  quartz  of  granite.  It  is  also  present  in  the  form  of  micro- 
crystals.  Orthoclase  is  abundant  and  the  slice  contains  a  large  carlsbad  twin. 
Plagioolase  is  plentiful,  but  it  is  very  subordinate  to  the  orthoclase.  Biotite 
is  abundant  in  large  and  in  micro  leaves.  Muscovite  is  present,  but  sparsely  so. 
Bounded  garnets  are  numerous  and  one  of  them  is  embedded  in  biotite. 

A  duster  of  epidote  grains  occurs  in  a  triclinic  felspar,  and  a  few  other  grains 
are  scattered  about  in  the  slice. 

The  felspar  alluded  to  contains  multitudes  of  microliths,  some  long  and  hair- 
like,  others  of  somewhat  stout  build.  Some  of  them  apparently  deposited  mineral 
matter  on  cooling.     Fig.  21  is  an  illustration  of  one  of  them. 

The  quartz  contains  numerous  liquid  cavities  with  good-sized  bubbles.  I  have 
not  observed  movement  in  any  of  them.  Gas  cavities  are  not  uncommon,  and  en- 
closures containing  a  coloured  liquid,  or  glass,  with  fixed  bubbles,  similar  to  those 
in  the  specimen  from  the  top  of  the  Chor,  occur  in  this  slice  also. 

Nos.  61  and  62. — A  felspathic  schist  from  the  vicinity  of  Barela.  The  speci- 
men  was  taken  from  a  bed  below  the  outcrop  of  the  gneissose  granite. 

M.— Under  the  microscope  this  specimen  resembles  a  micro-gneiss.  Grains,  or 
eyes  of  felspar  and  quartz,  are  arranged  in  approximately  parallel  lines,  the  inter- 
vals between  them  being  filled  up  with  micro-grains  of  quartz  and  minute  leaves 
of  a  brown-green  mica.  The  felspar  is  principally  orthoclase — a  little  of  it  is 
plagioolase.  In  one  slice  the  felspar  and  quartz  are  eye-shaped,  in  the  other 
they  have  the  appearance  of  sub-angular  and  rounded  grains. 

The  mica  is  in  minute  leaves.  No  basal  cleavage  is  anywhere  to  be  seen,  and 
in  one  slide  it  is  only  dichroic  here  and  there,  showing  that  the  leaves  are  all  turned 
one  way  so  as  to  present  axial  sections. 

This  is  unquestionably  a  clastic  rock,  though  whether  it  is  a  micro-gneiss, 
properly  speaki^,  or  whether  it  is  a  somewhat  altered  sandstone,  made  up  of  gra- 
nitic  or  g^issic  materifkls,  is  more  difficult  to  determine. 

c 
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The  quartz  is  not  at  all  hyaline,  and  I  have  detected  no  liquid  cavities  in  it. 

No.  63.— From  the  Chor  mountain  near  Tdlichog,  This  is  a  very  dark  specie 
men  owing  to  the  abundance  of  black  mica.  The  hand  specimen  contains  rectan- 
gular porphyritic  crystals  of  felspar,  one  of  which  is  2|  inches  long  by  1 J  inches 
wide.  Two  adjoining  ones  are  twinned.  In  one  or  two  places  the  quartz  and  bio- 
tite  have  formed  streaky-looking  combinations. 

M. — This  generally  resembles  No.  60  from  Barela.  Orthoclase  predominates 
over  plagioclase,  and  felspar  over  quartz.  Garnets  are  numerous,  and  epidote  is 
more  abundant  than  in  No.  60.   Both  occur  enclosed  in  biotite  and  also  separately. 

Epidote  is  commonly  found  in  syenite,  and  it  is  supposed  to  be  the  alteration 
product  of  hornblende.     I  have  not  as  yet  found  any  hornblende  in  these  rocks. 

There  are  nests  of  colourless  microliths,  some  of  which  may  be  apatite ;  cracks, 
apparently  due  to  shrinkage,  are  very  common  in  them.  Some  few  have  deposited 
mineral  matter  on  cooling,  or  have  caught  up  such  matter  in  the  act  of  consoli- 
dation. 

Liquid  cavities  with  movable  bubbles  are  sparse. 

The  outer  hand  at  Dalhousie. 

The  following  specimens  were  examined,  namely  :— 
Nos.  1,  2,  3,  4,  5,  and  6,  from  the  neighbourhood  of  Bagrar  (Bagraur),  from 
the  vicinity  of  Banatu  (trans-Ravi),  and   from  the    ascent    between 
Sherpur  (Sairpur)  and  Dalhousie. 
Nos.  7,  8,  and  9,  from  the  cart  road  near  Dunh^ra  (Daniara). 
Nos.  10,  11,  and  12,  from  below  Bdtri  (Bampur  of  the  map). 
Nos.  13  and  14  from  Chudri  (Chaohari). 
Viewed  macroscopically,[Nos.  1  to  6  and  10  and  11  would  be  classed  as  streaky 
gneisses ;  7,  8,  9,  and  12,  as  gneiss  verging  towards  the  granitoid  type.     13  and  14 
are  porphyritic  gneisses,  inclining  towards  granitoid  gneiss.    The  porphyritic  crys- 
tals are  rectangular,  and  are  oriented  at  varying  angles  to  the  line  of  pseudo- 
foliation. 

I  now  proceed  to  give  an  account  of  the  structure  of  these  specimens  as  exhibit- 
ed by  thin  slices  under  the  microscope. 

All  the  specimens  contain  quartz.  In  some  slices  the  quartz  predominates  over 
the  felspar ;  in  others  the  latter  is  in  the  ascendancy.  On  the  whole,  quartz  is 
probably  somewhat  more  abundant  than  felspar. 

Nearly  all  the  quartz  is  in  the  form  of  fish  roe  grains,  similar  to  that  described 
in  my  paper  on  the  gneissose-granite  of  Dalhousie.  It  meanders  through  the  slice 
in  strings,  and  fills  cracks  in  felspar  crystals.  The  grains  are  extremely  minute 
and  frequently  show  a  tendency  to  hexagonal  outlines. 

Orthoclase  is  present  in  all  the  slices,  and  microcline  is  observable  in  slices 
Nos.  8,  10,  12,  13,  and  14 ;  being  plentiful  in  No.  12,  but  not  abundant  in  the 
others. 

Plagioclase  is  absent  in  Nos.  2,  4,  and  6  ;  plentiful  in  No.  12,  but  sparse  in 
the  remaining  slices.  Orthoclase,  therefore,  largely  predominates  over  triclinio 
felspar. 

Biotite  is  present  in  Nos.  7,  8,  9,  10,  11,  13,  and  14,  and  a  mica,  dark  green  in 
transmitted  light,  that  is  probably  biotite,  is  present  in  the  rest 
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MnscoTite  is  present  in  all  the  slices/and  it  occnrs  both  in  its  foliated  form  and 
as  microliths.  In  No.  4,  the  latter  are  so  abundant  in  some  of  the  felspars  as  to 
nearly  overpower  the  felspathic  element  and  to  give  the  felspars  superficially  a 
micro-felsitic  aspect. 

Grjrptocrystalline  mica  occnrs  in  all  the  specimens,  and  is  plentiful  in  some 
slices.  It  is  drawn  out  into  strings,  and  meanders  about  in  a  stream-like  course,  in 
the  manner  described  in  my  paper  on  the  gneissose  granite  of  Dalhousie. 

Magnetite,  f errite,  and  garnets,  are  to  be  found  in  all ;  whilst  schorl  is  abun- 
dant  in  No.  12,  but  absent  from  the  other  slices. 

Liquid  cavities  with  movable  bubbles  are  present  in  all,  except  Nos. 
8,  9,  10,  and  11.  They  are  of  good  size  in  Nos.  4  and  5,  but  are  generally 
veiy  minute  in  the  remaining  slices.  They  are  very  numerous  in  Nos.  4, 
5,  7,  12,  and  14,  but  are  somewhat  sparse  in  the  others.  In  No.  12  they  are 
not  only  abundant  in  the  quartz,  but  are  almost  equally  so  in  the  felspar  and 
schorl:  a  large  garnet  is  also  full  of  them.  The  cavities  and  bubbles  in  the 
schorl  and  garnet  are  relatively  much  larger  than  those  in  the  quartz  and 
felspar,  and  would  seem  to  indicate  that  the  schorl  and  garnet  crystallised  at 
an  earlier  stage  of  consolidation  of  the  rock  than  the  felspar  and  quartz.  In 
this  slice,  even  a  microlith  of  muscovite  contains  liquid  cavities  with  movable 
bubbles.  In  No.  14  a  microlith  contains  seven  cavities  with  fixed  bubbles, 
which  appear  to  be  liquid  cavities.  If  these  are  glass  cavities,  they  would  afEord 
a  strong  argument  in  favour  of  the  igneous  origin  of  the  rock ;  but  even  on  the 
supposition  that  they  are  liquid  cavities,  the  presence  of  numerous  liquid  cavities 
crowded  into  a  minute  microlith  indicates  that,  when  the  latter  consolidated,  the 
rock  must  have  been  in  a  fused  or  plastic  condition,  and  the  intermixture  of 
super-heated  water  or  steam  with  the  mineral  constituents  of  the  rock  most 
intimate.  '  We  have  already  seen  that  when  the  beryl  of  the  Wangtu  eruptive 
granite  crystallised,  the  granite  was  in  a  similar  condition.  A  sketch  of  this 
microlith  (much  enlarged)  is  given  at  fig.  20.  It  reminds  one  very  much 
of  the  microlith  figured  at  fig.  11,  taken  from  Jdngi  granite.  Air  or  gas  enclo- 
sures are  present  in  all  the  slices,  and  are  sometimes  abundant. 

I  now  proceed  to  note  some  points  of  special  interest  observed  in  the  several 
slices. 

In  No.  1,  the  twinning  planes  of  the  plagioclase  are  sometimes  very  much 
bent  out  of  the  perpendicular,  showing  that  they  were  subjected  to  considerable 
strain  between  the  time  of  their  crystallisation  and  their  attainment  of  perfect 
rigidity.     A  similar  feature  is  observable  in  some  of  the  other  slices. 

At  fig.  15  (a)  I  have  given  a  sketch  of  a  crumpled  mica  seen  in  slice  No. 
7,  which  appears  to  have  been  doubled  up  after  crystallisation,  whilst  the  laminse 
were  still  pliant,  in  the  manner  described  in  my  paper  on  the  gneissose  granite 
of  Dalhousie  (see  fig.  4,  plate  II,  of  that  paper).  In  that  paper,  I  attributed  the 
crumpling  to  traction. 

The  mica  is  muscovite,  (a)  the  substance  in  which  it  \a  embedded  is  a  struc- 
tureless, whitish,  opaque  substance,  analogous  to  leucoxene  :  (6),  in  the  illustra- 
tion, is  the  termination  of  a  long  string  of  fish  roe  quartz. 

At  fig.  14  I  have  given  a  sketch,  taken  from  slice  No.  1,  in  illustration  of 
a  peculiarity  characteristic  of  these  rocks ;  (a)  is  a  narrow  stream  of  leucoxene, 
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or  allied  substance,  white  in  reflected,  but  perfectly  opaque  in  transmitted,  ligbt. 
The  dark  line  (ft)  that  runs  along  the  lower  border  of  the  leucozene  is  red  ferrite  : 
(c)  is  a  train  of  magnetite,  or  ilmenite  grains,  in  the  stream  of  leucozene :  and 
(i)  is  a  garnet.  The  ferrite,  it  will  be  observed,  does  not  come  into  contact  with 
the  grains  of  magnetite  or  ilmenite.  I  do  not  think  that  the  leucozene  has  been 
produced  by  the  decomposition,  in  situ^  of  the  iron  grains,  for  several  reasons. 
In  the  first  place,  the  grains  of  magnetite  do  not  show  any  trace  of  decomposition 
along  their  edges,  but  are  perfectly  fresh  throughout.  Secondly,  grains  of  ma^ 
netite  are  to  be  seen  in  other  places  quite  unconnected  with  the  leucozene  ;  whilst 
streams  of  the  latter  substance  are  common  between  which  and  the  iron  no  direct 
connection  can  be  traced.  The  ferrite,  on  the  other  hand,  is  often  direcUy  con- 
nected with  magnetite.  The  explanation  of  the  above  facts  appears  to  me  to  be 
as  follows :  when  the  plastic  rock  was  at  rest,  the  acid  and  aqueous  vapours  con- 
tained in  it  began  to  act  on  the  iron,  and  leucozene  was  formed  by  the  action  of 
the  former  on  the  ilmenite,  and  ferrite  by  the  action  of  the  latter  on  the  magnetite* 
Motion  succeeded  to  the  temporary  rest,  and  then  the  leucozene  and  ferrite  were, 
under  the  influence  of  traction,  drawn  out  into  strings  in  which  the  undissolved 
fragments  of  ilmenite  and  magnetite  were  frequently  entangled. 

This  ezplanation,  of  course,  involves  the  supposition  that  the  iron  first  ciys- 
tallised  and  was  afterwards  acted  on  by  the  corroding  action  of  acid  vapours 
contained  in  the  rock  ;  but  this  suggestion  will  present  no  difficulty  to  those  who 
have  studied,  under  the  microscope,  such  volcanic  rocks  as  the  dolerite  of 
Auvergue,  in  which  the  corroding  action  of  vapours  on  some  of  the  minerals 
contained  in  the  lava  is  frequently  to  be  observed. 

Since  writing  the  above  lines,  I  have  come  across  an  interesting  remark  re- 
garding ferrite  in  Mr.  J.  J.  Harris  Teall's  Cheviot  Andesites  and  Porphyrites  (Oeo- 
logical  Magazine,  Decade  U,  Vol.  X,  p.  257).  In  describing  a  porphyrite  showing 
"  well-marked  fluidal  structure,"  he  remarks :  "  The  ferrite  is  especially  abundant 
in  fluidal  bands  and  stripes  which  curve  round  the  larger  crystals  in  a  veiy 
characteristic  manner.  Vogelsang  describes  a  similar  distribution  of  ferrite  in 
certain  of  the  Hungarian  quartz-trachytes." 

The  above  fact  that  ferrite  has  been  observed  drawn  out  in  **  fluidal  bands 
and  stripes ''  in  true  lavas  by  competent  observers,  affords  an  important  confirm- 
ation of  the  conclusion  I  independently  arrived  at  regarding  the  orig^  and  signi- 
ficance of  the  ferrite  '*  bands  and  stripes  "  in  the  rock  under  consideration. 

The  felspars  (orthoclase)  in  these  slices  sometimes  contain  intergrowths  after 
the  manner  of  perthite.  In  some  cases  the  mineral  intergrown  With  it  is  felspar, 
at  other  times  quartz. 

Cracks  in  felspars  filled  up  with  fish  roe  quartz  are  very  common,  whilst 
pccasionally  the  latter  appears  to  be  the  residuum,  left  in  pools,  so  to  speak,  in  the 
interior  of  felspars,  after  the  separation  of  the  alumina  and  the  other  consti- 
tuents of  the  felspar. 

At  fig.  16  I  have  given  a  sketch,  taken  from  slice  No.  6,  of  what  appears 
to  have  been  a  large  felspar,  cracked  and  split  into  pieces  and  then  pushed 
over  like  books  on  a  shelf  by  pressure  and  traction.  At  any  rate  the  outlines 
certainly  suggest  this  idea.  The  cracks  are  filled  partly  with  fish  roe  quartz, 
but  principally  by  cryptocrystalline  mica.     The   dark  portion    at    the  bottom 
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consists  of  dark  micaceons,  imperfectly  crystallised  matter,  running  in  ropy  lines 
throngh  the  slice.  The  several  pieces  of  felspar  shown  in  the  sketch  are  all  in 
optical  continnity  with  each  other,  and  appear  to  be  fragments  of  one  crystal. 

At  fig.  18  I  have  represented  a  minute  stone  cavity,  found  in  slice  No.  6> 
in  which  crystalline  matter  has  been  deposited  on  cooling.  The  upper  mineral 
has  a  distinctly  hexagonal  form,  whilst  the  lower  mass  seems  to  be  an  agglomera- 
tion of  stony  matter  rather  than  one  crystal  Forms  such  as  these  show  distinctly 
that  the  mass  in  which  they  are  found  was  reduced  to  a  fused  or  plastic  condi- 
tion by  heat. 

At  fig.  17  I  hiive  depicted  a  cavity,  seen  in  the  same  slice  (No.  6),  which 
contains  a  large  air-bubble.  The  cavity  was  evidently  once  filled  with  air,  to  tlie 
expansive  power  of  which  the  formation  of  the  cavity  is  due,  but  the  air  contract- 
ed on  cooling  to  its  present  size.  The  bubble,  as  will  be  seen  in  the  sketch,  seems 
to  be  a  little  too  wide  for  the  cavity ;  this  appearance,  however,  is  simply  due 
to  refraction,  the  empty  portion  of  the  cavity  acting  on  the  light  passing  through 
the  mineral  differently  from  the  bubble  of  air. 

Fig.  19  is  another  illustration  of  the  same  kind  taken  from  slice  No.  12. 
The  cavity  is  in  a  schorl  crystal,  and  contains  air  or  gas  that  has  contracted  on 
cooling.  The  bubble  does  not  contain  the  central  transparency  usually  seen  in 
air  bubbles,  but  it  shines  brilliantly  in  reflected  light  like  an  air  or  gas  bubble. 

These  cavities  and  contained  air  or  gas  bubbles — and  they  are  by  no  means 
the  only  examples  of  the  same  kind  contained  in  the  slices  under  description — 
afford  evidence  to  show  that  these  rocks  were  subjected  to  sufficient  heat  to 
reduce  them  to  a  plastic  condition.  The  bubbles  on  cooling  appear  to  have 
contracted  to  about  half  their  original  size,  from  which  I  infer  that  the  rock 
was  raised  to  a  high  temperature.  The  fact  that  the  cavities  themselves  are  not 
circular,  is  explained  by  the  fact  that  their  shape  is  controlled  by  extraneous  forces, 
and  among  others  the  crystallographic  energy  of  the  molecules  of  the  mineral 
in  which  the  cavity  is  formed,  air  or  gas  caught  up  by  a  mineral  in  the  act  of 
crystallisation  would  expand,  not  equally  in  all  directions,  but  along  the  lines 
of  least  resistance  which  would  usually  coincide  with  the  cleavage  planes  of  the 
crystallising  mineral. 

Conc^iwton.— The  rock  specimens  described  in  this  paper  come  from  an 
extended  area.  The  first  is  that  of  granite  intrusive  in  mica  schists  above 
Darw&s,  in  the  Pdngi  valley  of  Chamba;  the  next  is  granite  intrusive  in  the 
schists  at  Leo,  on  the  Spiti  river.  Other  specimens  are  from  the  cliffs  above 
Jdngi,  in  Bass4hir,  on  the  Upper  Sutlej,  and  from  dykes  at  and  near  Rarang 
and  P^ngi,  in  Bassdhir.^ 

There  can  be  no  doubt  whatever  of  the  eruptive  character  of  these  granites, 
for  they  are  seen  in  the  field  to  cut  across  the  schists,  and  in  some  cases  to 
penetrate  them  in  all  directions.  1  thought,  therefore,  that  they  would  be  good 
rocks  to  compare  with  the  gneissose  granites  of  neighbouring  regions. 

Following  the  line  of  the  Sutlej  river,  I  collected  my  other  specimens  at 
Wangtu,  at  Ghora^  at  the  Eot  peak  and  the  Bdgi  road,  at  Bdli,  and  at  the  Hattu 
mountain  above  Ndkanda,  in  the  neighbourhood  of  Simla.     I  then  passed  to  the 

*  ChamVa  P£ngi  is  on  the  Biver  Ra?i ;  Basslhir  Pingi  U  on  the  Sutlej. 
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Chor,  a  prominent  mountain  abutting  on  the  plains  ;  and,  finally,  I  came  to  the 
outer  hand  of  gneissose  granite  at  Dalhousie. 

The  granite  from  the  dyke  that  bursts  across  the  schists  above  Darwas 
(slice  1)  is  interesting,  from  the  fact  that,  when  viewed  macroscopically,  it 
exhibits  some  slight  traces  of  incipient  parallelism  of  structure  due  to  traction. 
It  possesses  no  other  structural  peculiarity  worth  noting.  The  latter  fact,  I 
may  remark  in  passing,  shows  that  when  examining  a  single  slice  of  a  granitic 
rock  under  the  microscope,  with  a  view  to  determining  whether  it  is  of  eruptive 
or  metamorphic  origin,  mere  negative  evidence  is  not  of  much  value. 

The  Leo  granite  has  several  points  worthy  of  consideration.  Nearly  all  the 
quartz  in  it  is  of  polysynthetic  structure,  similar  to  the  fish  roe  quarta  of  the 
Dalhousie  gneissose  granite  ;  and  this  shows  that  the  conclusion  which  I  arrived 
at  in  respect  of  the  latter — ^namely,  that  the  fish  roe  grains  do  not  indicate  a 
clastic  origin  * — ^was  sound. 

Another  point  to  be  noted  is  that  liquid  cavities  with  movable  bubbles  are  not 
very  abundant  in  the  Leo  granite.  Liquid  cavities  may  be  abundant  in  some 
parts  of  a  granite  and  not  in  others ;  their  sparseness,  or  even  absence  in  a  single 
slicej  therefore,  is  of  little  importance  in  determining  the  igneous  or  metamorphic 
origin  of  a  rock.^ 

Evidences  of  strain  are  seen  in  the  Leo  granite  in  the  curvature  of  the 
twinning  planes  and  the  cracking  of  felspar  crystals. 

The  muscovite  of  this  granite  polarises  in  delicate  colours,  but  with  extreme 
bnlliancy,  precisely  as  it  does  in  the  gneissose  granites ;  the  dullness  of  the 
muscovite  of  the  Durwds  and  Pdngi  specimens,  under  the  polariscope,  does  not 
therefore  indicate  any  structural  or  varietal  difference  dependent  on  their  mode 
of  origin.  Both  the  Leo  and  Darwds  specimens  are  from  dykes  intrusive  in 
schists. 

In  No.  3,  garnets  and  schorl  are  drawn  out  into  strings — an  indication,  I  thinV^ 
of  traction. 

The  biotite  in  such  rocks  as  the  Jdngi  granite  (Nos.  5—12)  may  be  usefully 
compared  with  the  dark  mica  in  such  rocks  as  the  gneiss  of  Hattu  (Nos.  51-^3) 
and  of  Barela  (Nos.  61  and  62).  In  the  former,  the  basal  cleavage  of  the  mica  is 
well  developed,  the  folia  are  oriented  in  all  directions,  and  the  biotite  em- 
braces garnets  or  other  minerals.  In  the  gneiss  alluded  to,  on  the  other  hand, 
the  dark  mica  is  in  minute  scales  which  do  not  exhibit  any  basal  cleavage ; 
moreover,  when  slices  of  the  gneiss  are  revolved  over  the  analyser,  the  mica 
either  fails  to  exhibit  dichroism  at  all,  owing  to  all  the  leaves  being  axial 
sections,  or  extinction  takes  place  simultaneously  in  the  whole,  or  in  the  majority 
of  the  leaves ;  an  indication  in  both  cases  that  the  scales  of  mica  are  all  in  the 
same  plane, — a  fact  that  points  to  a  metamorphic  or  clastic  rather  than  to  an 
igneous  origin. 

^  Records,  Vol.  XVI,  p.  130. 

'  To  prevent  any  misapprehengion  of  my  meaning  I  may  add  that  though  the  abondance  of 
liquid  cavities  with  movable  bubbles  is  very  characteristic  of  a  plutonie  eruptive  rock — see 
remarks  ante  on  the  Wangtu  beryl — ^liquid  cavities  are  also  to  be  found  in  some  metamorphic 
rocks,  as  will  be  shown  in  my  next  paper. 
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"  Stone  enclosures,"  which  contain  endo-minerals,  gas,  and  lacnnsB  with 
fixed  bubbles  in  them  (figs.  11 — 13),  are  to  be  seen  in  the  Jdngi  granite. 

These  stouiB  enclosures  afford  good  evidence  of  the  rock  which  contains  them 
having  been  subjected  to  great  heat  and  of  having  been  reduced  to  a  more  or  less 
fluid  or  plastic  condition ;  and  they  are  useful  for  comparison  with  similar  bodies 
formed  in  the  gneissose  granite. 

In  the  granite  from  the  dyke  that  bursts  through  stratified  rock  at  Rdrang, 
a  parallelism  in  the  arrangements  of  the  biotite  reisembling  incipient  foliation  is 
to  a  limited  extent  observable  on  a  macroscopic  inspection. 

In  the  Pdngi  granites  liquid  cavities  are  very  numeroas,  and  the  bubbles  are 
of  large  size  relative  to  the  area  of  the  enclosures  containing  them.  This  indi- 
cates that  the  rock  was  subjected  to  great  heat  and  pressure ;  whilst  the  perfectly 
crystalline  condition  of  these  rocks  shows  that  they  were  in  a  fused  or  fluid 
condition  and  cooled  slowly. 

A  little  microcline  is  present  in  the  Pangi  granite  (14)  and  it  is  abundant  in 
the  Wangtu  granite  (20,  21). 

I  now  pass  from  granites  proper  to  the  gneissose  granites,  or  what  used  to  be 
called  the  granitoid  gneisses  of  the  Sutlej  valley. 

In  mineral  composition  these  rocks  do  not  materially  differ  from  those  of  the 
granite  group  above  alluded  to.  Both  classes  contain  quartz,  orthoclase,  plagio- 
clase,  microcline,  biotite,  muscovite,  schorl,  garnets,  and  magnetite. 

With  the  exception  of  beryl  and  kyanite  in  the  neighbourhood  of  Wangtu, 
and  epidote  and  chlorite  in  some  of  the  Chor  specimens,  I  have  not  found  any 
other  minerals  in  the  samples  examined. 

In  the  gneissose-granite  of  Chora  stone  cavities  or  crystals,  containing  endo- 
crystals  and  enclosures  (figs.  5 — 8)  of  the  same  class  as  those  found  in  the 
granites  proper  (figures  9 — 13)  were  found.  In  fig.  11  (Jdngi  granite)  the 
microlith  is  severed  by  a  crack,  apparently  the  result  of  shrinkage.  In  fig.  5 
(gneissose  granite)  the  microlith  is  cracked  in  two  places  and  dislocation  has 
resulted  owing  probably  to  a  tremulous  movement  passing  through  the  viscid 
matrix. 

The  gneissose  granite  of  the  Chor  mountain  contains  a  good-sized  prism  of 
quartz,  with  pyramidal  terminations  caught  up  in  a  large  piece  of  felspar.  This 
seems  to  indicate  a  more  or  less  fiuid  stage  in  which  the  quartz  prism  had  time 
to  form  free  from  any  excessive  pressure  from  the  surrounding  felspar. 

Stone  cavities,  similar  to  those  found  in  the  granites,  which  have  deposited 
endo-crystals,  or  mineral  matter,  occur  in  the  Chor  rocks,  and  illustrations  of 
these  bodies  are  given  at  figs.  1 — 4  and  21. 

These  rocks  also  contain  coloured  liqtlid  or  stony  enclosures  with  fixed 
bubbles,  and  microliths  that  have  cracked,  apparently  from  shrinkage  on  cooling. 

I  think  the  rocks  which  I  have  classed,  in  the  above  pages,  as  gneissose 
granites,  afford  imder  the  microscope  the  same  kind  of  evidence,  and  as  good 
evidence,  of  having  passed  through  a  stage  of  aqueo-igneous  fusion  as  the 
undoubtedly  intrusive  granites. 

The  further  fact  that  they  have  been  in  motion  has  been  established  for  the 
exactly  similar  rocks  of  the  Dalhoasie  area ;  and  I  hope  in  a  subsequent  paper 
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train  of  magnetite  or  ilmenite*  fragments  entangled  in  a  stream  of  lencoxene,  and 
I  have  given  mj  reasons  in  the  preceding  pages  for  believing  that  the  lencoxene 
was  not  derived  from  the  decomposition  of  the  magnetite  or  iknenite  in  situ. 

At  fig.  18  a  "  stone  cavity  '*  which  has  deposited  ciystalline. matter  on  cooling, 
taken  from  slice  No.  6,  is  represented,  which  will  bear  comparison  with  similar 
bodies  found  in  the  Aden  lavas,  and  represented  at  figs.  4,  5,  and  6  of  the  plate 
which  illustrates  my  p&per  on  those  rocks.    (Records,  Vol.  XV.,  p.  159.) 

At  figs.  17  and  19  (the  latter  is  enclosed  in  a  schorl  crystal),  I  have  sketched 
cavities  containing  air  or  gas  bubbles,  which  have  contracted  subsequent  to  the 
consolidation  of  the  rock,  and  now  imperfectly  fill  the  cavities  which  doubtless 
they  once  fully  occupied,  when  expanded  under  the  influence  of  heat. 

The  facts  stated  above  appear  to  me  to  prove  that  the  rock  under  examination 
was  subjected  to  great  heat ;  that  it  passed  through  a  stage  of  aqueo-igneous  fusion, 
and  that  before  its  complete  solidification  it  was  subjected  to  great  strain  and 
pressure. 

If  the  inferences  I  have  drawn  from  the  train  of  magnetite  or  ilmenite  frag- 
ments in  the  train  of  lencoxene,  and  from  the  presence  of  a  crumpled  mica,  are 
sound,  it  also  follows  that  the  rock,  or  portions  of  it,  were  in  motion. 

The  mere  fact  that  the  rock,  or  a  portion  of  it,  was  in  motion  does  not,  of 
course,  prove  its  eruptive  character.  Great  pressure,  exei^ted  on  sedimentary  or 
metamorphic  rocks,  may  result  in  motion ;  as,  for  instance,  the  cases  in  which  lime- 
stones under  the  influence  of  great  pressure  imitate  eruptive  rocks  and  become 
intrusive  in  others.  But  in  the  case  of  the  Dalhousie  "  outer  band  "  the  whole 
rock  has  evidently  been  in  a  condition  of  igneo-aqueous  fusion,  and  evidence  of 
motion  in  such  a  rock  acquires  additional  importance. 

If  we  take  all  these  facts  into  consideration,  together  with  the  further  fact 
that  in  mineralogical  composition  the  rock  under  consideration  is  identical  with 
that  of  the  neighbouring  gneissose  granite,  which  has  been  shown  to  be  an  erup- 
tive rock,  may  we  not  fairly  conclude  that  both  rocks  have  the  same  origin,  and 
that  the  structural  difEerence  between  them,  which  is  one  of  degree  only,  is  due  to 
the  outer  band  having  been  intruded  as  a  sheet  between  hard  strata,  or  forced 
between  the  walls  of  a  fault  in  a  viscid  or  partially  consolidated  condition,  and  sub- 
jected  to  great  pressure  and  squeezing  at  right  angles  to  the  direction  of  the 
flow?  I  think  myself  this  is  a  reasonable  inference  to  draw  from  the  evi- 
dence. 

It  is  clear,  as  shown  in  the  preceding  pages,  that  the  "  outer  band  "  has  passed 
through  a  stage  of  aqueo-igneous  fusion.  On  the  other  hand,  I  do  not  think  that 
great  heat  is  required  to  explain  the  metamorphism  of  the  schists  in  contact  with 
the  "  outer  band  "  along  its  northern  boundary — the  passage  of  nooderately-heated 
water  through  slates  seems  to  be  all  that  is  necessary  to  account  for  the  produc- 
tion of  micas  of  the  class  to  which  those  in  these  schists  belong. 

In  a  recent  tour,  the  results  of  which  1  hope  to  publish  in  a  future  paper,  I 
found  highly  micaceous  slates,  that  might  be  classed  fairly  as  mica  schists,  inter- 
calated between  perfectly  unaltered  dark-blue  carbo-triassic  limestones— a  circum- 
stance by  no  means  puzzling  when  we  know  that  certain  micas — all  the  hydro- 
micas  probably — can  be  produced  through  the  agency  of  moderately-heated  water. 
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On  the  whole,  then,  I  think  there  are  good  grounds  for  assigning  a  different 
origin  for  the  **  outer  band  '*  and  for  the  schistose  rocks  in  contact  with  it. 

The  conclusion  at  which  I  have  arrived,  on  a  consideration  of  all  the  facts  of 
the  case,  is  that  the  invasion  of  previously  metamorphosed  strata  by  gneissose 
granite,  combined  with  the  pseudo-foliation  of  the  latter  due  to  the  pressure  of 
hard  strata  on  a  partially  cooled  and  imperfectly  viscid  rock,  has  imparted  to  the 
intruded  rock  the  superficial  appearance  of  being  a  member  of  the  same  metamor- 
phic  series  as  the  schists  and  slates  into  which  it  has  intruded. 

There  is  no  inconsistency,  I  would  point  out  in  conclusion,  in  supposing  that 
the  rock  which  gives  evidence  of  having  passed  through  a  stage  of  aqueo-igneous 
fusion  was  partially  cooled  and  semi- viscid  where  actually  intruded  into  the 
schists*.  Observation  in  our  own  time  shows  that  there  are  pauses  and  long  inter- 
vals  in  volcanic  action;  and  doubtless  similar  pauses  took  place  in  plutonic 
action  during  which  the  cooling  and  partial  consolidation  of  igneous  masses  went 
on  and  the  large  porphyritic  crystals  found  in  many  of  them  were  formed.  The 
subsequent  motion  of  a  partially  consolidated  viscid  rock  and  its  intrusion  as  a 
sheet  between  hard  strata,  or  between  the  walls  of  a  fault,  would,  it  seems  to  me, 
naturally  produce  a  parallelism  of  structure,  or  pseudo-foliation,  as  long  ago 
pointed  out  by  Scrope  and  Naumann.^ 

The  *'  outer  band "  of  Dalhousie  seems,  in  some  respects,  to  be  analogous  to 
granulite  (leptynite),  a  foliated  rock  associated  with  gneiss  and  other  crystalline 
rocks  in  Saxony,  Bohemia,  and  Moravia,  which  is  classed  as  eruptive  by  Naumann, 
M.  M.  Fouqu6  and  Michel  L6vy,  and  other  petrographers.* 

The  mica  of  granulite  appears  to  be  at  times  disposed  "  in  scaly  seams  entirely 
dividing  the  rock,"  a  marked  characteristic  of  the  '*  outer  band  "  of  the  Dalliousie 
gneissose  granite. 


DESCRIPTION  OF  THE  PLATE. 

'     Fig.  1. — Stone  cavity,  or  microlith,  in  the  gneissose  granite  of  the  Chor,  which 
iiJa^s  deposited  crystals  on  cooling.     Taken  from  slices  59 — 64, 
'  ''figs.  2,  3,  and  4. — Opacite,  probably  magnetite,  deposited  in  cavities.     Chor 
^^iskose  granite.     Slices  69 — 64. 

■'  'Fi^!  5,  6,  7,  and  8. — Illustrations  of  stone  enclosures,  in  which  mineral  bodies, 
enclosed  in  the  gneissose  granite  of  Chora,  have  either  deposited  minute  crystals 
6n"clibltig,  or  have,  in  the  process  of  their  own  crystallisation,  caught  up  pre- 
Vid.ti!s^'tb?nJfed  microliths.     Slices  22—25. 
' '  J'igi^&I— D^lidritic  combinations  of  muscovite,  microliths,  gneissose  granite, 

iV'aiiStiy '^Sti^'^J'^^^^       SUcesl6— 19. 

'  Fi^.  \^l  Wj  l2,  and  13. — Stone  cavities  containing  crystals  and  internal  cavi- 
ties with  contracticm  bubbles.     Granite,  J^ngi,  Sutlej  valley.     Slices  Nos.  5—12. 

T    .■!  n\\\<[    f.'iirrn't   s\    mi 

.  ,.ji>^ipe»j90fC!P(^  QryTMp^r!^'*  ^^1*  ^II»  P*  S^*  ^^^  ^i'  ^<»'k  on  Volcanoes,  pp.  103, 144— 2Q2. 
Nuunann  ".  Oa  tb|^,OTQbftWQ  .^raptive  origin  of  several  kinds  of  gneiss  and  gneiss-granite."  Q.  J, 
G.  8«  Vol.  IV.  .[Translations  and  Notices  of  Oeological  Memoirs,  p.  1. 

'''8wikYe»8  Teit^Sobt' of  Geology,  p.  124.  Cotta's  Rocks  classified  and  described,  p.  221. 
Mi^i'ifc^o''W^<^i'^M^i*W^'^»'l^^'M'"  M  ^^"^^^^  ct  Michael  Uvy,  p.  174. 
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Fig.  14. — Strings  of  red  ferrite  and  a  white  snhstance  resemhling  lencozene 
in  which  fragments  of  magnetite  or  ilmenite  are  entangled.  Outer  band  of 
gneissose  granite,  Dalhonsie.    Slice  No.  1. 

Fig.  15. — Crumpled  mica.     Outer  baud,  Dalhousie.    Slice  No.  7. 

Fig.  16. — A  large  felspar,  cracked,  split  into  pieces  and  pushed  over  as  books 
on  a  shelf.     Outer  band.    Slice  No.  6. 

Figs.  17  and  19. — Cavities  containing  air,  or  gas,  that  has  contracted  on  cool- 
ing.    Outer  band,  Dalhousie.    Slices  6  and  12. 

Fig.  18. — Stone  cavity  in  which  mineral  matter  has  been  deposited  on  cooling. 
Outer  band,  Dalhousie.     Slice  No.  6. 

Fig.  20. — Microlith  containing  lacuna  with  fixed  bubbles.  Outer  band, 
Dalhousie.    Slice  No.  14. 

Fig.  21. — Microlith  that  has  deposited  mineral  matter  on  cooling.  Gneissose 
granite,  Chor.    Slice  No.  65. 


Beport  on  the  Choi  Coal  Exploration,^  by  G.  F.  Scott,  M.E.     (With  a  map.) 

In  this  report  I  purpose  to  take  each  place  separately  and  treat,  of  its  coal 

prospects. 

The  coal  here  lies  at  the  base  of  the  hills  ;  it  had  been  worked  previous  to  my 

•^^  ^  arrival  by  means  of  headings  driven  in  the  hill-side  and 

Clun,   marked   A   on     pits  ;  there  is  hardly  any  coal  left,  nearly  all  having  been 

^^  worked. 

A  boring  marked  B  on  plan  was  put  down  to  the  depth  of  8(y  by  Mr. 
Cray  thome,  but  without  success ;  it  is  evident  that  no  regular  seam  of  coal  occurs, 
the  quantity  previously  extracted  l3ring  in  pockets.  The  strata  are  very  contorted, 
and  I  question  much,  if  coal  were  found,  whether  it  would  pay  the  cost  of  labour. 
Near  the  village,  and  along  the  Chablowala  nuddy  indications  in  the  shape  of 
black  earth,  and  shale  appear,  but  nothing  substantial  enough  to  guarantee  a 
trial. 

Leaving  Choi  and  proceeding  eastwards,  the  outcrop  is  seen  on  the  side  of 

^    2  the  main  road,  and  also  down  the  hill,  further  east,  I  put 

Between  '  Choi     and      down  a  boriug  marked  C  on  the  plan.     On  reachisg  lime- 

^angi,    marked   C    on      stone,  I  stopped  the  boring  and  commenced  sinking  to 

the  black  shale  met  with  at  the  depth  of  32'  4''.  From 
here  a  heading  was  driven  in  the  direction  of  the  dip  of  the  coal  (which  is  almost 
perpendicular),  but  when  it  had  been  driven  8  yards  the  coaly  shale  thinned  out ; 
another  heading  was  driven,  but  that  also  for  the  same  reason  was  abandoned. 
Kg  actual  seam  was  met  with,  the  black  shale  that  was  followed  had  small  parti. 

'  The  exploration  descrihed  in  this  report  was  suggested  and  carried  out  hy  the  Department  of 
Pnhlic  Works.  In  order  that  so  searching  a  trial  of  the  ground  may  not  be  lost  sight  of,  the  accouut 
of  it  is  appropriately  puhlished  in  these  Records.  The  locality  is  in  the  Chita  range,  ten  miles 
•outh  of  Attock.  A  general  description  of  the  ground  by  Mr.  Wynne  was  published  in  1877,  Records, 
YoL  X,  p.  107.  The  pseudo-coal-measures  are  those  near  the  base  of  the  nummnlitic  series  which 
have  so  often  raised  sanguine  expectations  of  coal  in  the  Norih-West  Punjab. — H.  B.  M. 


74  Records  of  the   Geological  Surrey  of  India,  [vol.  xvii. 

cles  of  bright  coal  in  it,  but  thi^,  as  was  observed  above,  gradually  thinned  out  to 
nothing.  It  is  evident,  therefore,  that  here  and  in  the  immediate  neighbourhood 
where  more  indications  are  to  be  seen,  there  is  not  the  sb'ghtest  hope  of  any 
workable  coal  being  found. 

Indications  of  coal  crop  out  here  and  there  along  the  foot  of  the  hills,  until 
^  the  place  marked  D  on  plan  is  reached.     Here  coal  has  been 

Boriog     at     Mungi.      extracted  by  n^eans  of  headings  and  pits ;  the  letter  are 
marked  D  on  plan.  mostly  full  of  water,  so  that  the  galleries  underneath  can- 

not be  inspected ;  it  is  evident,  howeyer,  from  the  headings  that  there  is  very  little 
coal  remaining. 

I  put  down  a  boring  to  the  north  of  the  previous  workings ;  after  a  depth  of 
11'  4!*  limestone  was  reached ;  the  boring  was  continued  in  this  strata  to  the  depth 
of  57';  the  progress  being  slow,  and  there  not  being  the  slightest  chance  of  striking 
coal,  it  was  abandoned. 

There  is  nothing  here  to  tempt  another  trial,  the  quantity  of  coal  that  may  be 
left  being  very  small. 

The  outcrop  continues  almost  in  a  straight  line  to  the  east.     To  test  the  strata 

a  boring  was  put  down  at  the  place  marked  E  on  plan. 
BarinfT  east  of  Mangi,  It  will  be  seen,  on  referring  to  the  account  of  the  boring, 

marked  E  on  plan.  that  up  to  date  no  seam  has  been  struck,  although  a  depth 

of  100  feet  has  been  reached.  The  boring  is  still  proceeding,  but  I  am  afraid  it 
will  meet  with  no  success. 

Leaving  the  hills,  I  thought,  in  order  to  thoroughly  test  the  locality,  ihsX  a 

couple  of  deep  borings  should  be  put  down  in  the  plain 
Boring    near     Haro,      where  it  is  evident  the  strata  lie  more  horizontally.     Ac- 
maked  F  on  plan.  oordingly,  a  boring  was  started  at  the  place  marked  F  on 

plan.  After  meeting  with  great  difficulties  the  strata  have  been  bored  through 
nearly  to  the  depth  of  200  feet,  and  by  referring  to  the  account,  there  does  not 
seem  much  likelihood  of  meeting  with  success.  The  boring  is  now  in  stiff  blue 
clay,  and  probably  limestone  will  be  met  underneath  ;  should  this  occur  it  will  be 
useless  to  proceed  further. 

A  boring  was  commenced  here  intended  to  be  as  deep  as  the  other,  but  at  the 

depth  of  55  feet  an  unexpected  bed  of  sand  and  pebbles 
Boring  at  Dheri  Khot,      was  encountered.     All  the  boring  pipes  being  required 
marked  G  on  plan.  near  the  Haro,  it  was  abandoned.     Should,  however,  the 

present  boring  prove  successful,  it  will  be  easy  enough  to  start  this  one. 

Traces  of  coal  havinj^  been  discovered  between  Choi  and  Bagh  Nilab,  I 

thought  it  would  be  as  well  to  put  down  a  trial  pit.     On 
W  t  of**'  Choi,    not     *^®  Uth  April  it  was  commenced,  and  at  the  depth  of 
marked  on  map.  15  feet  a  heading  was  driven  at  an  inclination  of  1  in  3. 

Up  to  date,  nothing  substantial  has  been  found,  although  black  shale  bands  occur 
with  particles  of  bright  coal  in  them.  I  do  not  think  it  probable  that  a  seam 
lies  here,  but  very  likely  a  small  quantity  of  coal,  similar  in  nature  to  that  at  Choi, 
may  be  extracted. 

Between  here  and  Bagh  Nilab  no  indication  of  coal  is  found ;  at  the  latter 
place  there  are  slight  traces,  but  nothing  sufficient  to  gpiarantee  a  trial. 
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Summary, 

From  what  I  have  seen  of  this  district,  and  from  the  several  borings,  the  con- 
clusion I  have  come  to  is,  that  the  prospects  of  finding  any  sufficient  quantity  of 
workable  coal  either  at  Choi,  Mungi,  or  the  country  lying  to  the  west  and  east 
respectively,  is  very  slight. 

The  coal  itself  is  of  a  poor  quality  and  resembles  black  shale  more  than  any- 
thing  else  ;  it  seems  to  be  a  good  gas  producer,  and  that  is  all  that  can  be  said  in 
its  favour. 

The  only  chance  of  making  this  exploration  a  success  has  been  tried, — that  is, 
boring  in  the  plain  ;  had  coal  been  struck,  the  seam  would  have  lain  at  a  more 
convenient  angle,  and  there  is  no  doubt  but  that  there  would  have  been  a  vast 
quantity  of  coal  to  work. 

It  is  very  evident  that  no  seam  lies  in  the  hills,  and,  with  the  exception  of  Choi 
and  Mung^,  no  coal  has  been  worked,  although  trials  have  been  made  in  various 
localities  ;  it  is  almost  conclusive,  therefore,  that  the  coal  lies  in  pockets,  and  to 
work  this  seems  to  me  to  be  far  too  speculative. 

From  J.  T.  O'Callaohan,  Esq.,  Engineer-in-Chiefj  Punjab  Northern  State  Railway^ 
Northern  Section,  to  the  Director  General  of  BaHicat/e^-^No.  1335 ,  dated  17th 
May  1883. 

I  have  the  honour  to  forward  herewith  a  report  with  plans  on  the  search  for 
coals  in  the  Kala  Chitta  range  of  hills  south  of  Attock  carried  out  under  the 
instructions  conveyed  in  your  No.  622  C  of  16th  November  1882. 

Mr.  Scott's  report  confirms  the  opinion  I  had  already  given  in  my  No.  4074 
of  22nd  October  1880,  to  your  address,  and  also  the  published  opinion  of  the 
officers  of  the  Geological  Department. 

While  Mr.  Scott  was  carrying  out  his  exploration,  I  visited  the  district  and 
went  with  him  over  most  of  the  places  where  any  indications  of  coaly  matter 
appeared.  The  Kala  Chitta  range  of  hills  consists  almost  altogether  of  grey 
nummulitic  limestone,  the  beds  of  which  are  much  contorted  and  are  traversed 
by  wany  faults.  Near  Choi  the  beds  are  tilted  nearly  vertical,  and  between  two 
of  the  beds  is  a  bed  of  brownish  shale  from  40  to  50  feet  in  thickness.  This 
shale  bed  is  traceable  for  some  miles  in  an  easterly  direction  from  Choi,  and  at 
intervals  in  it  pockets  of  black  coaly  shale  are  found.  The  pockets  are  lenticular 
in  form  and  of  no  great  extent  in  any  dir*H;tion,  and  when  excavated  have  always 
died  out  within  40  or  50  feet  of  the  surface  of  the  ground.  The  so-called  coal 
when  excavated  has  also  proved  to  be  of  little  value  as  a  fuel.  It  was  of  service 
in  burning  lime  and  keeping  down  the  price  of  wood  at  a  time  when  all  prices 
had  a  tendency  to  undue  inflation.  But  the  attempts  to  make  it  into  patent  fuel 
fit  for  locomotive  purpose  has  been  a  complete  failure,  the  heat  given  out  being 
much  inferior  to  that  obtained  from  an  equal  quantity  of  wood  fuel. 

In  my  opinion,  any  hope  of  procuring  coal  in  the  Kala  Chitta  range  may  be 
abandoned  now  and  for  ever.  Had  there  been  any  appearance  of  a  continuous 
seam  of  even  the  coaly  shale  found,  deeper  workings  in  it  might  have  shown  a 
better  quality  to  exist  below,  but  there  is  no  continuity  or  regularity  in  the 
recurrence  of  these  pockets,  and  the  fine  vertical  section  of  the  whole  range  of 
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hills  whicli  is  made  visible  in  the  channel  out  bj  the  River  Indus,  shows  that  ikk 
great  disturbance  of  the  whole  formation  of  these  hills  must  preclude  all  hopes  m} 
horizontal  beds  of  any  kinds  being  found — see  also  opinion  of  Superinte: 
Geological  Survey,  expressed  in  his  letter  No.  255,  dated  29th  Sep 
1880. 

What  grounds  Mr.  Johnson  had  for  the  statement  made  in  his  No.  2841 
12th  August  1882,  to  the  Secretary  to  Government,  Punjab,  paragraph  5, 
"  the  pocket  theory  was  found  to  be  erroneous,  the  so-called  '  pockets  '  conn< 
with  each  other  and  develope  into  seams,  while  the  coal  improves  immensely 
quality  as  the  depth  of  the  pits  increased,"  I  am  at  a  loss  to  imagine.  In 
case  has  any  pocket  been  found  to  extend  into  a  seam^  and  without  exception 
have  worked  out  in  every  direction  in  which  they  have  been  tried ;  and  when 
at  Choi  Mr.  Johnson  was  uuable  to  point  out  any  continuous  seam  or  to  give 
data  on  which  his  very  sanguine  report  could  have  been  founded.  I  can 
infer  that  Mr.  Johnson  based  his  report  on  information  received  from  a 
named  Craythome,  the  practical  miner  referred  to  in  paragraph  6  of  his  re 
This  man  was  originally  a  soldier  in  the  44th  Regiment,  and  was  taken  from 
regiment  to  work  in  the  Warora  Mines  in  1874  or  1875,  which  situation  he  lell 
and  wandered  up.country  in  search  of  work.  His  employment  by  the  Ezecnii^ 
Engineer  was  allowed,  to  assist  in  procuring  fuel,  and  it  was  of  course  to  UB 
intere^  to  make  favourable  reports  in  order  that  his  employment  might  be  ooitfK 
tinned.    He  absconded  from  Choi  a  short  time  before  Mr.  Scott's  appointment,  ^ij 

The  boring  marked  F  is  still  continued  and  sandstone  under  the  blue  clay  4i 
reported,  but  this  is  probably  only  one  of  the  thin  beds  of  sandstone  everywheMl 
seen  in  the  recent  deposits  through  which  the  Haro  river  has  cut  its  way.  TM 
ultimate  results  of  this  boring  will  be  reported,  but  it  does  not  seem  neceesaiy  t|| 
delay  this  report  for  it. 

In  conclusion,  I  beg  to  say  that  Mr.  Scott  has  taken  much  pains  with  ^^ 
work  on  which  he  was  employed,  and  I  trust  that  he  will  be  more  successfol  an 
the  Salt-range,  where  I  understand  the  manager  of  the  line  is  about  to  emplow 
him.  He  has  been  given  the  usual  month's  notice  that  his  services  will  not  Imi 
required  further  at  Choi,  and  the  tools,  &c.,  used  by  him  will  be  stored  at  Pindft 
until  required  elsewhere.  ^ 

t 
From  J.  T.  O'Callaghak,  Esq.,  Engineer-in- Chirf,  Northern  Section,  Punjab  Nor^H^ 
em  State  Railway,  to  the  Director  General  of  Sailtoage, — No,  1851,  dated  HM 
June  1883, 

In  continuation  of  my  No.  1335,  dated  17th  May  1883,  I  have  now  the  honoiqp 
to  forward  Mr.  G.  Scott's  supplementary  report  on  the  bore-hole  put  down  neei; 
the  Haro  river  at  the  point  marked  F  on  the  plan  already  forwarded. 

I  omitted  to  mention  that  the  bore-hole  was  put  down  in  the  bed  of  the  riTev 
about  70  feet  below  the  average  surface  of  the  ground,  and  therefore  represents  m 
hole  of  a  depth  of  about  320  feet 

The  record  shows  that  nothing  but  alluvial  deposits  have  been  passed  through  |, 
and  go  further  to  confirm  the  views  I  have  always  expressed  regarding  tUui 
district. 


BORI 
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Supplement  to  report  on  the  Ghoi  Coal  Exploration, 

In  this  supplement,  I  purpose  to  give  a  farther  acconnt  of  the  deep  horing 
near  the  River  Haro,  mentioned  in  No.  5  paragraph  of  my  former  report.  On 
referring  to  that,  it  will  be  seen  that  the  boring  had  nearly  reached  the  depth  of 
200  feet,  and  my  supposition  was  that  a  bed  of  limestone  was  close  at  hand.  It 
was  then  thought  that  it  would  be  advisable  to  discontinue  the  work,  but  after 
further  discussion  it  was  decided  to  go  on,  and  see  what  the  nature  of  the  stone 
was. 

Accordingly,  after  clearing  the  boring,  it  was  re-started  on  the  I9th  May,  and 
at  the  depth  of  201'  6''  sandstone  was  reached ;  the  rock  proved,  however,  to  be  only 
4i'  thick,  and  below,  beds  of  loam,  sand,  and  dark  yellow  clay  were  met.  At  a 
depth  of  233'  11"  sandstone  with  a  total  thickness  of  8'  3"  was  bored  through,  and 
then  again  a  bed  composed  of  a  mixture  of  loam  and  sand  was  found. 

Finally,  on  the  7th  June  the  boring  was  abandoned,  the  depth  then  reached 
being  252'  6"  and  the  strata  sandstone* 

From  the  above  short  account,  and  from  a  study  of  the  boring  sheet  noting 
the  various  strata  pierced,  the  conclusion  arrived  at  is,  that  even  at  the  depth  of 
250  feet  the  boring  had  not  gone  below  the  silt  and  sediment  deposited  by  the 
river :  how  far  this  deposit  extends  is  a  matter  of  conjecture,  but,  in  my  opinion,  it 
would  be  some  time  before  it  could  be  bored  through,  and  then  no  advantage 
would  accrue,  as  it  is  highly  probable  limestone  would  be  the  strata  met  with. 

The  boring  itself  was  put  down  in  a  ravine  close  to  the  Haro,  and  only  8  feet 
above  low-water  level.  The  cliffs  which  border  one  side  of  the  river  are  70  feet 
high,  so  that  it  will  be  seen  that  at  the  termination  the  boring  was  really  320  feet 
below  the  actual  surface. 

To  have  continued  would  have  been  a  mere  waste  of  time  and  money,  as  I  have 
not  the  slightest  hesitation  in  saying  that  a  further  search  would  prove  utterly 
useless. 

In  my  opinion,  everything  has  been  done  with  a  view  of  finding  a  profitable 
seam  of  coal ;  the  borings  and  trial  pits  have  been  put  down  in  the  most  advan- 
tageoQs  places,  but  without  the  success  I  confidently  expected  from  the  surface 
indications. 

Section  of  Boring  on  the  Haro  River. 


Depths. 

StraU. 

Depths. 

Strata, 

21'    0" 

Soil  and  pebbles. 

194'     6" 

Loam  and  sand. 

87'     0" 

Yellow  clay. 

201'    6" 

4"  sandstone. 

70'    O'' 

2^0"  sandstone. 

204'    9" 

Loam  and  sandstone 

83'     6" 

Yellow  clay. 

211'    2r 

Loam  and  sand. 

94'  10" 

2'  6*^  sandstone. 

217'    6" 

Dark  yellow  clay. 

IDS'    0" 

Yellow  clay. 

233'  11" 

Soft  sandstone. 

116'    0* 

Banning  sand. 

242'    0" 

Loam  and  sand. 

121'    4" 

Yellow  clay. 

249'    3" 

Sandstone. 

144'    2" 

Blue  clay. 

262'    6" 

.«• 

184'    9* 

Dark  blue  clay. 

Note.— If  Mr.  Scott's  figures  can  be  trusted,  of  which  I  regret  to  hear  there  is  some  doubt, 
the  boring  09  the  Haro  would  be  of  considerable  geological  interest,  as  proving  that  this  great 
spread  ot  alluvium,  the  principal  area  of  which  is  known  as  the  Peshawar  valley,  lies  in  a  deep  rock 
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basin.  It  hfls  indeed  become  a  safe  general  inference,  that  areas  of  deposition  are  thereby 
of  depression  ;  still  new  facts  in  evideuce  are  not  superfluous.  The  surface  level  at  the  boring  is 
only  about  25  feet  above  that  of  the  Indus,  twelve  miles  to  the  west,  where  it  turns  at  a  right 
angle  into  its  gorge  through  the  Chita  range. 

The  expectation  to  find  the  coal  flat  and  abundant  under  the  alluvium  in  a  re|^on  of  extreme 
contortion  as  exhibited  in  the  surrounding  hills,  is  a  speculation  that  could  only  occur  to  tlw 
**  practical  man." — H.  B.  M. 


On  the  re^discovery  of  certain  localities  for  fossils  in  the  Siwaiik  hedsy  by  H.  D. 
Oldham,  A.R.S.M.,  Oeological  Survey  of  hvdia.     (With  a  map.) 

Having  recently  had  the  good  fortune  to  re-discover  the  long.lost  fossil  localitj 
described  by  Sir  Proby  Cantley  at  the  base  of  the  section  in  the  Siwaiik  hills,  it 
has  been  considered  desirable  to  put  on  record  a  detailed  description  of  the  locality* 

For  this  discovery  I  am  mainly  indebted  to  Mr.  A.  Smythies,  Deputy  Conser* 
vator  of  Forests,  who,  when  deputed  a  short  while  ago  to  enquire  into  the  question 
of  the  effect  which  the  clearing  of  the  forests  from  the  slopes  of  the  Siwaliks  has 
had  on  the  floods  that  annually  enter  and  cross  the  Eastern  Jumna  Canal,  made 
careful  enquiries  of  the  survivors  of  those  who  were  employed  on  its  construction 
as  to  the  locality  from  which  the  fossils  had  been  obtained ;  the  result  of  his 
enquiries  was  that  they  had  been  discovered  during  the  excavations  carried  on  in 
connection  with  the  works  in  the  Kalawala  Rao.     These,  which  are  shown  in  the 
annexed  sketch  plan,  consist  of  the  principal  bund,  A,  which  was  designed  to 
throw  the  waters  of  the  8ti*eam  into  a  channel  which  does  not  enter  the  canal,  and 
a  small  spur,  6,  higher  up  stream,  intended  to  guide  the  current  against  the  prin- 
cipal dam.     On  visiting  the  spot  we  found  at  the  head  of  both  the  piincipal  dam 
and  the  spur  a  very  peculiar  rock,  a  conglomerate  with  a  calcareous  sandy  matrix 
full  of  fragments  of  clay  and  decomposed  slate  with  haitlly  a  particle  of  harder 
rock ;  such  might  very  properly  be  called  a  "  clay  conglomerate,"  but  "  clay  marl " 
must  be  acknowledged  to  be  a  misleading  name ;  still  gravelly  clays  are  sometimes 
improperly  called  mai'ls,  and  tlie  name  might  be  applied  by  an  engineer  who  did 
not  profess  to  be  a  geologist.     Through  this  rock  are   scattered,   though   not 
abundantly,  small  fragments  of  bone,  always  broken,  water- worn,  and  disjointed, 
and  without  exception  converted  into  oxide  of  iron  (haematite).     As  descnbed  by 
Sir  Proby  Cautley,  reptilian  teeth  were  not  uncommon  ;  besides  these  we  found 
a  mammalian  molar  imbedded  in  a  portion  of  the  ramus,  a  piece  of  the  thigh 
bone  of  a  small  animal  about  the  size  of  a  sheep,  a  piece  of  a  rib  of  some  large 
animal,  and  portion  of  the  carapace  of  a  toi-toise. 

As  regards  its  position  in  the  section,  the  bed  is  exposed  in  the  Kalawala  Rao 
on  the  soutliem  side  of  the  anticlinal  fully  1,000  feet  above  the  lowest  beds  seen ; 
here  there  are  two  distinct  beds,  but  in  the  valleys  to  the  west  three  or  more  ore 
occasionally  seen.  The  same  or  similar  beds  are  well  seen  in  the  Kotri  and  Kusum- 
ri  RaoR,  but  I  wm  unable  to  detect  them  in  the  Badshai  Rao  (Timli  pass),  while 
to  the  eastwards  I  doubt  not  it  would  be  found  if  seai'ched  for,  as  I  have  seen  a 
very  similar  bed  in  the  Dholkund  Rao,  but  at  the  time  expecting  to  find  the 
fossils  in  a  clay  bed  I  did  not  search  it. 
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WRT  2  J    •  Mallet  :  Mineral  Resources  of  the  Andaman  Islands.  7^ 

This  has  an  important  bearing  on  the  discovery  of  similar  fossils  on  the 
northern  face  of  the  Nahan  hill  ;^  it  is  of  course  possible  that  the  lower  beds  of 
the  Siwalik  range  are  of  the  same  age  as  those  of  which  the  Nahan  hill  is  formed, 
but  taking  into  consideration  their  very  different  mineralogical  facies  and  the 
fact  that  they  being  situated  at  a  greater  distance  from  the  Himalayas  are  far  more 
exclusively  composed  of  sand  and  pass  up  into  coarse  conglomerates,  it  can  hardly 
be  called  probable,  and  it  is  for  more  likely  that  the  Nahan  fossils  were  either  of  an 
entirely  different  age  or  that  they  were  obtained  from  an  outlier  of  the  middle 
Siwaliks,  as  has  been  suggested  by  Mr.  Medlicott  (Mem.  G^ol.  Surv.  India,  III, 
105),  and  again  by  Mr.  Theobald  (Rec.  Geol.  Surv.  India,  XIV,  71). 


On  nome  of  the  Mineral  Resources  of  the  Andaman  Islands  in  the  neighbourhood  of 
Port  Blair,  by  F.  R.  Millet,  Deputy  Superintendent ^  Geological  Survey  of 
India, 

Towards  the  end  of  last  year  specimens  of  various  minerals,  which  had 
been  discovered  in  the  neighbourhood  of  Port  Blair  by  Mr.  M.  V.  Portman, 
Assistant  Superintendent,  were  sent  to  the  Geological  Survey  Office  for  examina- 
tion. Amongst  them  were  found  ores  of  chromium,  copper,  iron,  and  sulphur. 
Later  on  Mr.  Portman  himself  visited  Calcutta,  bringing  with  him  further  samples. 
Judging  from  these,  and  from  the  account  given  by  Mr.  Portman  of  the  ores  as  found 
in  9itUy  the  indications  seemed  to  be  sufficiently  promising  to  make  an  examina- 
tion of  the  ground  advisable.  I  was  accordingly  directed  to  proceed  to  Port 
Blair  and  carry  out  such  investigation. 

Although  it  may  be  assumed  with  some  degree  of  probability  that  the  geolo- 

Geoloffical  character  of  gi^al  structure  of  the  Andamans  is  of  very  much  the  same 
the  oonntiy  near  Port  character  throughout,  the  only  portion  of  the  islands 
^^''  concerning  which  we  possess  any  certain  knowledge,  from 

direct  obseiTation,  is  that  comparatively  near  Port  Blair.  Messrs.  Kurz  ^  and 
Ball'  have  shown  that  the  strata  are  mainly  sandstone  and  shale,  which  have 
been  much  altered  in  places  through  the  intrusion  of  eruptive  rocks. 

From  Mount  Harriet,  one  of  the  culminating  points  of  a  ridge  to  the  north  of 
the  station,  and  about  1,200  feet  above  the  sea,  a  wide  bird's-eye  view  can  be 
obtained,  which  g^ves  a  good  general  idea  of  the  orography,  and  indeed  of  the 
geology  too,  of  the  surrounding  country.  The  island  for  many  miles  to  the 
north  of  the  harbour  and  Port  Mouat  is  traversed  by  a  number  of  parallel  ridges, 
running  a  little  east  of  north,  which,  like  the  Mount  Harriet  ridge  itself,  are 
probably  formed,  in  the  main,  of  sandstone  and  shale,  with  rather  a  high  dip  in 
most  places.  The  sandstone  is  generally  fine-grained,  of  yellowish- white,  gp*ey, 
or  greenish  tints.  Nests  of  lignite  have  been  found  in  it  here  and  there. 
Occasionally  it  includes  subordinate  layers  of  conglomerate,  composed  of  small, 
well-rolled,  mostly  qnartzose  pebbles.     More  or  less  calcareous  beds  are  also  found 

*  Vide  Mem.  Geol.  Surv.  India,  III,  pp.  15-16.     Rec.  Geol.  Surr.  India,  XIV,  71,  note. 
'  Report  on  the  vegetation  of  the  Andninan  Islands,  p.  2. 

•  J.  A.  S.  B.,  1870,  Vol.  XXXIX,  Pt.  2,  p.  231. 
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amongst  the  aandstones,  but  I  am  only  aware  of  one  band  of  pore  limestone.* 
Between  some  of  the  ridges,  at  least,  there  are  level  bottoms  of  alluvial  land* 
Although  this  part  of  the  island  would  seem  to  be  composed  very  largely  of 
sedimentaiy  strata,  eruptive  rooks  are  by  no  means  absent,  serpentine,  Ae.^  having 
been  met  with  in  several  places.  The  structure  of  the  hills  to  the  south  of  the 
harbour  appears  to  be  less  regular,  and  this  irregularity  would  seem  to  be  due 
to  the  grteter  development  of  eruptiye  rocks  there.  Of  these  the  most  important 
is  serpentine,  which  occurs  both  in  large  masses  and  in  dykes.  The  north-east 
part  of  Rutland  island  is  mainly  formed  of  it,  the  rock  being  dark  green  and  often 
spangled  with  small  crystals  of  bronzite.  Seams  of  white  (triolinio  P)  febpar,  a 
few  inches  thick,  traverse  it  here  and  there,  but  are  not  oonmion.  There  are 
also  occasional  thin  seams  of  cellular  quartz,  containing  some  earthy  oxide  of 
iron,  or  of  manganese,  in  the  cavities.  Small  layers  of  brown  opal  have  been 
met  with  in  the  same  connection.  These  seams  occur  between  joints  in 
the  serpentine:  the  jointing  is  often  strongly  marked,  and,  when  highly 
deyeloped  in  one  direction  only,  gives  the  rock  somewhat  the  appearance  of 
bedding.  Serpentine  is  also  largely  developed  at  Bird's  Nest  Cape  and  to  the 
north,  at  Homfray's  Ghitt,  and  other  places.  Homblendic,  chloritic,  and  fels- 
pathic  forms  of  rock  are  frequently  found  in  association  with  it. 

On  referring  to  the  map  of  India  one  sees  that  the  line  of  elevation  con- 
stituting the  Arak&n  Yoma  is  represented  further  south  by  the  Alguada  reef, 
Preparis  and  Coco  islands,  and  the  Andamans.  The  orographical  connection 
between  the  Arakitn  and  Andaman  ranges  is  accompanied  by  an  equally  oloee 
geological  one.  The  formations  of  the  latter  "  are  extremely  similar  in  appear, 
auce  to  the  Neg^s  rocks  of  the  Arak&n  Yoma,  and  in  all  probability  belong  to 
the  same  group." '  Serpentinous  intrusions  are  also  common  in  the  rocks  of 
both  localities. 

In  as  far  as  any  a  priori  opinion  can  be  formed  from  the  above  geological  con- 
nection as  to  the  metallic  wealth  of  the  Andamans,  such  opinion  must  be  of  an 
uiifavourable  character,  as  no  useful  ores  are  known  to  occur  in  the  Aralrj^n 
Yoma.  *'  The  only  ores  [in  Burma]  which  need  be  noticed  for  practical  puxposes," 
says  Mr.  Theobald,  **  are  those  of  iron,  tin,  lead,  copper,  antimony,  none  of  which, 
save  iron,  are  known  west  of  the  Sittoung,"  *  and  the  localities  noticed  by  the 
0ame  writer,  where  iron  has  been  worked,  are  to  the  east  of  the  LrawidL  The 
fipparent  barrenness  of  the  Arak&n  hills,  however,  cannot  be  taken  as  oonclusively 
proving  that  the  Andamans  are  equally  unproductive,  although  certainly  tending 
to  suggest  that  such  may  be  the  case. 

Along  the  sea  coast  at  Rdng-u.Ch&ng,  a  place  some  miles  south  of  Port  Blair, 
'^  Hematite,  pyrite,  and     are  highly  altered  or  eruptive  rocks.     Here  and  there 
chMlcopyrite  at  lUug-n-     these  are    traversed  by  veins,  the  main  constituent  of 
^    ^K*  which  is  hematite,  but  which  include  a  considerable  pro- 

portion of  pyrite  (iron  pyrites)  and  chalcopyrite  (copper  pyrites)  in  much  smaller 
quantity.     The  veins  constituted  of  these  ores  are  very  irregular  and  sometimes 

>  P.  86. 

'  Mnnafll  of  the  Geology  of  India,  Pt.  2,  p.  733. 

«  Supra,  Vol  VI,  p.  91. 
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branching,  bnt  short  and  stxangolated,  none  that  I  saw  being  iiuceable  for  more 
than  a  few  yards.    In  one  place  I  observed  a  mass  of  pure  pjrite  more  than  a 
foot  thick  and  two  feet  long,  bnt  it  conld  be  seen  that  vein  died  out  completely 
within  a  few  feet.    Although,  therefore,  individual  specimens  of  somewhat  im- 
posing dimensions  can  be  obtained,  I  saw  nothing  leading  me  to  suppose  that  the 
mineral  could  be  profitably  worked.    Nothing  like  a  steady  vein  is  to  be  seen,  and 
it  would  be  obviously  hopeless  to  mine  on  the  chance  of  meeting  with  scattered 
irxeg^nlar  nest-like  veins  like  the  above.    The  same  remarks  apply  to  the  copper 
pyrites.    The  proportion  is  too  small,  and  the  cupriferous  veins  too  irregular,  to 
allow  of  profitable  work,  although  an  occasional  lump  of  some  size  may  be  obtained^ 
In  the  jungle,  perhaps  50  yards  from  the  beach  and  the  above-mentioned 
yema,  Mr.  Portman  had  excavated  some  tons  of  ore,  from  what  seems  to  be  a  true 
lode  running  in  a  N. — S.  direction.    At  i^e  main  excavation  the  lode  is  several 
feet  thick  at  least,  but  the  entire  breadth  was  not  exposed  at  the  time  of  my 
visit.    The  ore,  taken  in  bulk,  is  composed  mainly  of  chloritic  quarts  and  hema- 
tite (occurring  chiefly  as  micaceous  iron).     The  other  constituents  are  iron-  and 
oopper-pyrites.    Although  large  lumps  of  good  hematite  can  be  obtained  (one  that 
I  saw  contained  a  couple  of  cubic  feet  of  mineral  free  from  admixture),  the  ore 
in  bulk  is  worthless  as  an  ore  of  iron,  firstly  on  account  of  the  large  proportion  of 
quarts,  and  secondly  on  account  of  the  pyrites,  which  is  still  more  fatal.    The 
quarts  might  be  separated  to  a  considerable  extent  by  picking,  but  it  would 
be  impossiblei  to  free  the  ore  from  sulphur  in  this  way.    To  mine  in  hard 
rock,    and  then  hand-pick  such   a  sulphurous   ore,  would  be  manifestly  im- 
practicable, when  high-class  ore  in  inexhaustible  quantity  is  to  be  had  on  the  sur. 
face  in   so  many  parts  of  India.     The  amount  of  iron  pyrites  is  too  small 
to  allow  of  the  ore  being  worked  for  sulphur,  and  the  proportion  of  copper 
pyrites  is  quite  insignificant,  although  here  and  there  a  lump  of  some  size  may 
be  obtained,  one  piece  that  I  secured  containing  a  couple  of  pounds  of  solid  ore. 

The  above  is  the  opinion  that  I  formed  on  the  spot,  but  I  have,  since  my  re- 
turn to  Calcutta,  been  able  to  check  it  by  assays  of  the  ore.  A  quantity,  weighing 
perhaps  a  couple  of  tons,  and  which  may  be  taken  as  a  fair  sample  of  the  whole, 
bad  been  brought  in  to  Port  Blair,  and  at  my  request  Mr.  Portman  had  about 
three-quarters  of  the  amount  broken  up  smalL  The  broken  ore  and  dust  were 
thoroughly  mixed  together,  and  a  large  bagful  taken,  which  was  reduced  to 
powder  in  the  laboratory  here  and  mixed  again.     On  assay  ft  yielded— 

Per  cent.  Vw  cent 

Copper  •         .        •         •         .        *10  a«  Copper-pyritet  .         .         •        *80 
bolphor         ....    10*74  =  Iron-pyritet*  •        •    90*18 

Insolable  filioeons  reeidue        .    87*00 

More  than  half  a  million  tons  of  pyrites  are  now  used  per  annum  in  England 
for  the  manufacture  of  sulphuric  acid.  The  average  percentages  of  sulphur  in  the 
mineral  imported  from  different  countries  are  as  follows :— > 

Per  oetit. 
SpenUh  and  Portuguese                                       .         .         .         .        46  to  50 
Wettphaliao ...        44*5 

'  After  deducting  the  lulphur  in  the  copper-pyritee. 
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Percent. 

Belgian 44 

Swedish 42 

Itelian 85to46 

Irish 85 

Cornish .28 

Out  of  550,000  tons  imported  abont  1880,  500,000  were  from  Spain  and  Portugal.' 
ComiBh  and  Irish  pyrites  "  are,  as  a  rule,  cupreous  ores,  but  of  yery  low  value. 
Their  chief  fault  is  the  poor  percentage  of  sulphur,  whereby  the  cost  of  carriage 
and  manipulation,  ^.,  is,  of  course,  very  largely  increased.  All  payments  for 
storingi  carrying,  breaking,  burning  the  ore,  and  treatment  of  the  burnt  residuey 
are  as  large  for  weak  as  for  rich  qualities,  and  therefore  far  heavier,  relatively.'*' 
With  reference  to  the  value  of  these  ores,  65,916  tons  were  raised  in  the  United 
Kingdom  in  1872,  valued  at  £39,470,  or  £0-11-11  f  a  ton :  in  1882,  11,074  tons 
were  raised  in  Ireland,  valued  at  £5,743,  or  £0-10-4^  a  ton.  It  will  be  seen,  then, 
that  the  poorest  class  of  ore  in  the  English  market  contains  about  three  times  at 
much  sulphur  as  that  of  Bdng-u-Ch^g,  and  although  the  ore  derives  its  value  in  pari 
from  the  small  amount  of  copper  it  contains,  which  is  extracted  from  the  residue 
after  the  pyrites  is  burnt,  still  it  only  fetches  10  or  12  shillings  a  ton.  The 
K&ng-u-Chdng  ore  would  be  unsaleable  at  any  price,  as  the  proportion  of  sulphur 
is  so  low  that  the  ore  would  not  support  combustion  in  the  kilns.  The  pyrites 
could  not  be  concentrated  by  hand-picking,  firstly,  because  it  is  too  much 
scattered  through  the  gangue ;  and  secondly,  because,  being  much  more  brittle 
than  the  quartz  and  hematite  with  which  it  is  associated,  it  would  be  broken 
during  the  operation  into  a  powder  which  would  require  subsequent  washing  for 
its  separation.  Such  *  smalls  '  do  not  fetch  more  than  a  third  the  price  of  pyrites 
in  lumps.  At  present  there  is  no  demand  for  pyrites  in  India,  but  were  such  to 
spring  up,  ore  like  that  hitherto  obtained  in  the  Andamans  could  not  possibly 
contend  against  that  from  Spain. 

It  is  well  known  that  many  pyritous  lodes  contain  little  or  no  good  ore  at  the 
surface,  but  at  a  moderate  depth  are  rich  enough.  This,  however,  is  due  to 
the  decomposition  of  the  back  of  the  lode,  and  the  carrying  down  of  the 
valuable  constituents  in  solution  as  sulphates.  The  Edng-u-Ch&ng  ore  is  per- 
fectly fresh  and  unchanged  close  to  the  surface,  and  consequently  there  is  no  such 
reason  to  anticipate  an  improvement  by  sinking  deeper.  The  lode  may  improve 
below  the  surface,  but  there  are  no  grounds  for  anticipating  that  it  will.  The 
same  may  be  said  with  reference  to  the  longitudinal  extension.  By  excavating 
along  the  course  of  the  lode  it  may  be  found  richer  in  some  parts  than  where  it 
has  been  tried,  but  it  is  quite  as  likely  that  it  may  be  found  very  much  the  same,' 
or  even  poorer.  I  recommended  that  a  cut  should  be  made  across  the  lode  at  the 
present  excavation,  so  as  to  ascertain  the  entire  width,  but  at  the  time  labour  could 
not  be  spared. 

>  A  Mennal  of  the  Alkali  Trede,  by  John  Lomas,  p.  18. 
« IbicL,  p.  11. 

*  Mr.  Portman  had  made  a  smaller  ezcaTation  at  some  distance  from  the  main  one,  and  the  ore 
was  of  the  same  character. 


PABT  2.]     Mallbt  :  Mineral  Resources  of  the  Andaman  Islands. 


83 


The  ore  was  also  assayed  for  gold,  and  fonnd  to  contain  a  minute  trace  only, 
with  no  silver. 

A  little  south  of  Corbjn's  coye  the  road  to  Brookesabad  crosses  a  vein,  which, 

on  the  west  side  of  the  road,  is  five  yards  thick.     The 

Cofb"^'?ove*''  **  ^"^^^     "^^^  ^  *  ferruginous  and  chloritic  quartz  containing   a 

little  iron  pyrites  disseminated  through  it,  and  copper 
pyrites  in  still  smaller  amount.  Between  the  road  and  the  sea  the  vein  is  less 
definitely  marked,  being  represented  by  several  irregular  smaller  veins.  One  of 
these  consists  of  quartz  containiug  a  fair  proportion  of  copper  pyrites '  mixed  with 
iron  pyrites.  As  the  vein  is  two  feet  thick  at  one  point,  large  blocks  of  ore  can  be 
obtained  presentiug  rather  an  attractive  appearance,  but  within  a  few  feet  the 
vein  thins  out  to  two  or  three  inches,  then  thickens  somewhat  again,  and  a  few 
feet  further  on  dies  out  altogether.  Taking  the  main  vein  in  bulk,  the  propor- 
tion of  copper  ore  is  very  low,  while  as  a  source  of  sulphur  the  amount  of  pyrites 
is  quite  insignificant.  The  pyritous  quartz  was  assayed  for  gold  (and  silver)  and 
found  to  contain  none. 

The  vein  runs  about  S.  20°  W.,  and  may  possibly  be  a  continuation  of  that  at 
Rdng-u-Chdng.  If  so,  there  is  a  considerable  change  in  the  character  of  the  ore» 
that  at  Gorbyn  containing  much  less  iron  and  more  copper. 

Some  of  the  shales  in  and  about  Port  Blair  contain  lenticular  nodules  of  clay. 

ironstone  of  varying  size  up  to  6  or  8  inches  diameter. 
^Clmy-iroiistone  nodnlet      rpj^^y  ^  ^^^  sufficiently  plentiful,  however,  to  be  of  any 

practical  use. 

A  specimen  of  black  iron-sand  from  Havelock  Island,  which  was  sent  to  me 

^       ..   .  J        l>y  Colonel  Cadell,   the  Chief  Commissioner,  was  found 

Jisgnetic  iron  saDCl.  "  , 

to  consist  of  magnetite. 
In  Volume  XVI,  p.  204,  an  extract  is  given  from  an  official  letter  of  Mr.  Port- 
man's  to  the  Chief  Commissioner,  describing  the  posi- 
Chromite  at  Chakar-      ^-^^^  ^  which  a  large  block  of  chromite,  and  some  smaller 

pieces,  were  found  at  the  village  of  Chakargaon.  Mr.  Port- 
man  pointed  out  the  locality  to  me,  of  which  I  subsequently  made  a  close  exami- 
nation. The  village  is  situated  at  the  foot  of  an  iiregular  line  of  rounded  hill 
which  runs  south-westwards  from  Mount  Haughton,  and  which  is  formed  of  sand- 
stone and  shale  with  some  subordinate  calcareous  strata.  The  large  block  of 
chromite  was  found  a  little  south  of  the  village  by  the  side  of  a  small  water- 
course. It  was  a  loose  piece  resting  on,  and  partly  embedded  in,  a  talus  composed 
of  sandstone  fragments.  The  other  lumps  were  found  close  by  in  a  similar 
position.  Just  south  of  the  block  is  a  somewhat  larger  watercourse,  in  which 
an  almost  continuous  section  of  the  rocks  is  exposed  from  the  foot  of  the  hill  to 
near  the  top.  They  are  exclusively  shale  and  sandstone,  with  a  high  dip  to  the 
south-east,  and  no  fragments  of  terpentine  (or  of  chromite)  are  to  be  found 
in  the  stream.  The  hill  is,  I  believe,  beyond  doubt  composed  entirely  of  shale 
and  sandstone  from  the  position  in  which  the  chromite  was  found  to  the  summit. 
As  there  is  every  reason  to  suppose  that  the  chromite  here,  as  in  so  many  other 
parts  of  the  world,  occurs  in  connection  with  serpentine,  it  is,  I  think,  certain  that 

^  About  30  per  cent,  or  10  per  cent,  of  oopper. 
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the  blocks  did  not  come  from  the  hill-aide  aboTe.  From  the  site  of  the  Uook  there 
is  a  gentle  slope  downwards  for  about  20  yards,  at  the  foot  of  which  an  allavial 
flat  begins,  beneath  which  there  may  be  a  mass  of  chromif  erons  serpentine  which 
formerly  extended  oyer  the  position  of  the  block,  bat  which  has  been  cnt  away  by 
denudation.  At  the  very  foot  of  the  hill»  indeed,  there  is  a  mass,  some  feet  across, 
of  a  serpentinons  rook  mixed  with  calcite.^  Similar  rock  can  be  traced  at  inter- 
Tals  along  the  foot  of  the  hill,  both  to  the  south-west  and  the  nortlueast^  but  al- 
though I  followed  it  for  about  a  mile,  not  a  single  piece  of  chromite  was  to  be  seen 
in  connection  with  it.^  I  had  a  trench  excavated  across  the  outcrop  of  this  rock 
at  Ghakargaon,  but  no  chromite  had  been  met  with  at  the  time  I  left  Port  BUur. 
I  think  the  continuation  of  this  trench  would  be  the  best  way  to  carry  on  the 
work,  although  I  cannot  say  that  I  feel  very  sanguine  of  success.  That  there  is  a 
deposit  of  chromite  concealed  somewhere  not  far  from  the  spot  where  the  blocks 
were  found,  is  clear,  but  that  such  deposit  is  a  large  or  persistent  one  is  more 
doubtfuL  If  a  strong  vein,  or  number  of  lenticular  masses  extending  along  a 
certain  line,  existed  of  such  ore,  which  is  not  liable  to  decomposition,  the  mineral 
would  most  probably  betray  itself  by  fragments  alohg  the  outcrop.  Yet  none 
such  have  been  found  except  in  the  one  spot. 

The  occurrence  of  the  mineral  at  Ghakargaon  being  an  indication  that  the 

Andamanese  serpentine  is  more  or  less  chromiferous,  it 
IflSi "      *      '^  seemed  to  me  that  the  localities  where  serpentine  was 

known  to  occur  elsewhere  should  be  examined.  With 
this  view  I  went  with  Mr.  Portman  in  the  O.  S.  Oeleriiy  to  Rutland  Island,  the 
north-eastern  part  of  which  is  almost  wholly  composed  of  the  rock  in  question.' 
I  ascended  four  difEerent  streams,  but  in  none  of  them  was  a  single  pebble  of 
chromite  to  be  found.  Mr.  Dawson,  however,  in  washing  for  platinum  in  three 
of  these  streams,^  obtained  more  or  less  fine  black  sand,  which  on  examination 
proved  to  be  the  mineral  we  were  in  search  of.  On  the  sea  beach,  at  the  mouth  of 
one  of  the  streams,  similar  sand,  which  had  been  brought  down  by  the  current 
and  then  beaten  back  by  the  waves,  was  met  with  in  layers  more  than  an  inch 
thick.  When  the  sand  from  all  these  localitiee  is  examined  under  the  microscope, 
it  is  seen  that,  in  considerable  proportion,  the  grains  are  well-formed  octahedral 
crystals,  with  the  edges  scarcely  at  all  rounded  by  attrition.  By  pounding, 
sifting,  and  elutriating  the  massive  chromite  of  Ghakargaon,  a  sand  can  be  artifi- 
cially produced  which,  to  the  naked  eye,  resembles  that  of  Rutland  Island,  except 
that  it  is  less  lustrous  in  appearance.  Under  the  microscope,  however,  no  crystals 
can  be  detected,  the  sand  being  made  up  of  irregular  broken  fragments.  It  is 
the  crystalline  facets  of  the  Rutland  Island  sand  which  gives  it  its  lustre. 

Taking,  then,  infco  account  that  not  a  single  fragment  of  massive  chromite  was 
found,  and  that  the  sand  could  not,  apparently,  have  been  produced  from  the 
comminution  of  such,  I  am  strongly  inclined  to  believe  that  the  mineral  occurs 

^  The  '*  diorite  and  porphyritic  trap,"  mentioned  at  p.  204,  Vol.  XVI,  do  not  exist 

*  The  hill  has  been  completeljr  cleared  of  jangle,  so  that  the  oatcrop  is  not  concealed  by  Tegeta* 
tion. 

»P.  80. 

*  P.  85. 
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diasemmated  ihroagh  ihe  serpentine  in  minnte  crystals,  and  therefore  in  a  form 
of  no  practical  yalue.  I  should  mention  that  one  of  the  streams  ascended  was 
not  more  than  half  a  mile  long  altogether,  the  place  where  the  sand  was  obtained 
being  about  midway  in  its  course.  Even,  then,  putting  the  ciystalline  character 
of  the  sand  out  of  count,  it  is  difficult  to  believe  that  the  substance  in  mass  could 
be  so  completely  and  finely  comminuted  during  so  short  a  journey. 

I  also  examined  the  serpentine  at  Bird's  Nest  Cape,  at  Homfray's  Oh&t,  in  the 

hills  south  of  Corbyn  and  Protheroepur,  and  in  more 
^^j^^^  for  chromite     ^^^^  ^^^  locaHty  north  of  the  harbour,   but  found  no 

massive  chromite  at  any  of  those  localities.  I  cannot 
help  suspecting,  therefore,  that  the  mineral  is  not  very  plentiful  in  that  part  of 
the  Andamans.  The  contrast  between  the  streams  in  Rutland  Island  and  those 
in  the  H&nl6  Valley  in  Laddk,*  where  also  serpentine  is  largely  developed,  is  very 
marked.  In  the  latter,  lumps  of  chromite,  often  many  pounds  in  weight,  are 
scattered  about  in  plenty. 

In  the  not  very  numerous  cases  in  which  platinum  has  been  traced  to  its 
S«arch  for  Dlatinam.        Parent  rock  in   other  parts  of  the  world,  it  appears  to 

have  been  found,  in  most  instances,  either  in  auriferous 
quartz  veins  traversing  crystalline  rocks,  or  (accompanied  frequently  by  chromite) 
in  serpentine.  Search  was  consequently  made  for  it  at  Rutland  Island.  Mr. 
Dawson,  the  gunner  of  the  Celerity ^  who  had  had  many  years'  experience  in 
Australian  gold- washing,  washed  in  three  different  streams,  but  not  a  single 
particle  of  the  metal  was  found. 

About  300  yards  north-east  of  Ghota  Protheroepur  a  band  of  massive 
L*   ertonflL  cream-coloured  and  greenish-white  limestone,  containing 

veins  of  calcspar,  outcrops  at  the  foot  of  the  hill.  The 
strata  dip  at  a  high  angle,  and  the  band  is  several  yards  thick,  but  does  not  show 
above  the  alluvinm  for  more  than  30  yards  or  so  along  the  strike.  The  same 
band  outcrops  again,  however,  with  a  thickness  of  10  or  12  yards,  in  a  hillock 
about  half  a  mile  N.  35^  E.  of  the  village.  Although  it  is  only  exposed  at 
the  south-west  end  of  the  hillock,  it  probably  extends  the  whole  length,  for 
say  100  yards,  beneath  the  surface  soil ;  if  so,  there  is  a  large  supply  above  the 
level  of  the  alluvium,  and  consequently  available  by  open  quarry.  On  the  north- 
west side  of  the  village  of  South  Corbyn  the  rock  outcrops  a  third  time, 
forming  a  small  hillock.  The  band  seems  to  be  *  about  8  or  10  yards  thick, 
dipjAng  at  70° :  part  of  the  limestone  there  is  reddish. 

An  analysis  of  the  rock  from  the  first-named  outcrop  gave — 

Carbonate  of  lime 96*45 

MM  magnesia  (by  diff.) *09 

„         „  iron I'lB 

Insolable  residue  (mostly  sand) 2*80 

100-00 

As  there  appears  to  be  a  considerable  (although  not  unlimited)  supply  avail- 
able from  free-draining  quarries,  and  a  much  larger  quantity  by  going  beneath 

»  Memoirs,  G.  S.  1.,  Vol  V,  p.  166. 
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the  level  of  the  allavinm,  it  is  worth  oonsideration  whether  this  limestone  could 
not  be  profitably  exported  to  Calcutta.'  The  most  distant  ontcrop  is  less  than  a 
mile  from  the  sea  at  Gorbyn,  where  the  stone  conld  be  loaded  into  boats  and 
taken  ronnd  to  the  harbour.  Lime  has  for  some  years  past  been  imported  into 
Calcutta  from  Elatni,  in  the  Jabalpur  district;  if  it  pays  to  transport  it  more  than 
seven  hundred  miles  by  railway,  it  would  certainly  seem  that  it  ought  to  pay  to 
transport  the  stone  about  the  same  distance  by  the  much  cheaper  sea  carriage.' 
The  Andaman  stone  is  fully  equal  in  purity  to  the  best  of  that  from  Katni,  an 
analysis  of  the  latter  yielding^ — 

Carbonate  of  lime 94*65 

„         „  magnesia  (bj  diif.) 2*98 

„         •>  iron '6S 

Insolnble  reaidne 1*79 

100-00  « 

* 

Besides  its  use  for  lime,  the  Andaman  stone  would  make  a  good  cream-coloured 
marble.  It  could  be  quarried  in  large  blocks,  or  in  slabs,  several  feet  in  length 
and  breadth.     A  reddish  marble  could  also  be  obtained. 

While  on  the  subject  of  lime,  I  may  mention  that  there  is  an  inexhaustible 
sapply  of  volcanic  ash,  or  puzzolana,  at  Barren  Island,  similar  to  that  obtained 
from  some  of  the  extinct  volcanoes  of  Central  France,  and  so  largely  used  there 
as  an  ingredient  of  hydraulic  mortar. 

Mr.  Ball  has  already  alluded  to  the  serpentine  at  Homfray's  Oh^t,  from  an 

economic  point  of  view.*  The  stone  is  mostly  weathered  and 
^^^^      '  shattery  on  the  surface,  and  to  obtain  it  in  a  perfectly 

sound  condition  it  would  be  necessary  to  quarry  some  distance  into  the  hill- 
side. Scattered  over  the  hill,  however,  especially  near  the  top,  are  numeions 
large  blocks  of  stone  which  have  resisted  disintegration  to  a  great  extent,  and 
some  of  which  are  fairly  sound,  although,  being  more  or  less  fissured,  it  is  doubt- 
ful if  slabs  of  large  size  could  be  cut  from  them.  But  if  serpentine  should  be 
locally  required  in  small  quantity,  for  the  supply  of  which  it  would  not  pay  to 
open  a  regular  quarry,  these  blocks  would  be  worth  attention. 

Serpentine  is  known  to  exist  in  many  other  places,  but,  taking  quality  into 
account,  there  is  none,  perhaps,  more  favourably  situated  than  that  just  mentioned. 

In  the  midst  of  some  reclaimed  land  at  Aberdeen  Mr.  Portman  discovered  a 

large  mass  of  variegated  red  jasper,  which  has  doubtless 
^^'  been  exposed  through  the  denudation  of  the  softer  rocks 

around  it.  It  would  make  a  handsome  ornamental  stone  if  polished,  but  in  cut- 
ting large  slabs  there  would  be  some  risk  of  meeting  with  drusy  cavities  which 
occur  here  and  there  through  the  rock. 

1  Tbe  lime  now  used  at  Port  Blur  it  made  from  coral,  bnt  I  was  informed  by  Colonel 
Protberoe,  tbe  Depatj  Saperintendent^  tb>tt  it  is  of  rather  inferior  qanlitj,  as  the  salt  cannot  bo 
thoroughly  wssbed  oat  of  tbe  raw  material,  and  subsequently  effloresces  out  of  the  mortar. 

s  In  thi^  connection  it  msy  be  noted  that  100  mannds  of  (pure)  limestone  yields  56  manndi 
of  quicklime  and  73  of  slaked  lime. 

•Vol.  XVI,  p.  112. 

•  J.  A.  S.  B.,  1870,  Vol.  XXXIX,  Pt.  2,  p.  237. 
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The  Intertrappean  beds  in  the  Deccan  and  the  Laramie  group  in  Western  North 
America,  hy  M.  Nbumatb.  {Translated  from  the  Neues  Jdhrbuch  fitr 
Mineralogic,  etc,,  1884,  Vol.  L) 

White's  recent  work  on  the  fossil  land  and  fresh-water  shells  of  North 
America  ^  gives  for  the  first  time  a  good  account  of  these  forms,  the  literature 
ooncenung  which  was  formerly  so  scattered  as  only  to  be  studied  with  much 
trouble ;  many  relations  are  shown  to  extra  American  forms,  amongst  which  I 
propose  to  consider  at  least  one,  since  the  subject  not  only  possesses  interest  itself, 
but  also  serves  the  purpose  of  correcting  a  former  erroneous  opinion  of  mine. 

Many  years  ago  Hislop  *  described  several  shells  occurring  in  some  fresh- water 
beds  at  Nagpur  interstratified  with  the  enormous  basalt  masses  of  the  Indian 
peninsular,  known  as  the  Deccan  trap.  The  most  generally  received  opinion  is 
that  these  beds  belong  to  a  period  on  the  boundary  between  the  cretaceous  and  ter- 
tiary epochs ;  since,  however,  a  Unto  resembling  our  European  U,  flabeUatus  was 
found,  and  the  genus  Acella,  which  at  that  time  was  only  known  in  the  pliocene  of 
Slavonia  and  living  in  North  America,  is  represented,  I  ventured  to  point  out  the 
possibility  that  the  intertrappean  beds  might  belong  to  the  later  tertiaries. '  A 
comparison  between  the  fossils  of  these  intertrappean  beds  and  those  of  the  Lara- 
mie beds  of  North  America  which  lie  between  the  chalk  and  eocene  shows  very 
close  relations  between  the  two,  and  I  can  no  longer  hold  my  former  opinion  in 
the  face  of  these  results. 

Though  the  number  of  the  genera  of  the  fresh- water  shells  of  Nagpur  is  far 
from  small,  the  greater  part  is  so  indifEerent,  or  the  preservation  and  description  so 
insufficient,  as  to  render  only  the  smaller  half  of  use  for  judging  of  the  character 
of  the  fauna ;  amongst  these  the  most  important  is  Physa  jprinsepi,  Sow.,  which 
reminds  one  of  the  large  kinds  of  Physa  of  the  Paris  and  London  eocene,  but  which 
is  also  closely  related  to  the  Laramie  fossils  of  America,  as  Fh,  copei,  Wh.,  and  Ph, 
disjuncta,  Wh.  The  above-mentioned  exceedingly  attenuated  Limneoe  which  have 
been  grouped  together  in  the  subgenus  Acella,  and  which  are  represented  in  the 
Laramie  beds  by  A,  haldemant,  Wh.,  form  another  striking  occurrence';  Paludina 
virapai,  Hisl.,  closely  resembles  Hydrobia  anthonyi,  M.  and  H.  Among  the  snails 
a  few  other  similar  cases  occur,  the  forms,  however  (Paludina  acioularis — Hydrobia 
recta^  Palvdina  conoidea — Hydrobia  svhcotiica),  are  so  little  distinctive  that  I  place 
small  value  on  them.  The  Yalvata  are  the  only  characteristic  gasteropod  types  of 
Nagpur  not  represented  in  the  Laramie  beds  of  North  America. 

Among  the  mussels  the  Unios  are  foremost ;  they  have  much  in  common  in 
general  appearance,  but  U.  carteri,  Hisl.,  a  form  of  the  type  of  the  European 
U.  flabeUatus,  is  the  only  one  that  shows  any  close  connection  with  U,  gonionotus, 
Wh.,  and  Z7.  gonioumbonatus,  Wh.,  of  North  America.  Finally,  Gorbicula  ingens, 
Hisl.,  is  remarkably  similar  to  Gorbicula  clebumi,  White. 

1  White,  a  teview  of  non-marine  fossil  mollosca  of  N.  America.  Extract  from  the  annual 
report  of  the  Director  of  the  U.  S.  Qeological  Survey,  1881-82. 

.*  Od  the  tertiary  deposits  associated  with  trap-rock  in  the  East  Indies.  Quart.  Journ.  Geol. 
Soc.,  1860,  page  154. 

'  Neamayr  nod  Paul,  Congerien-  and  Paludineu-sohichteo  WestslaToniens.  Abhandlungea 
dir  geolog.    BeichMUistalt,  Vol.  YII,  1875. 
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Whetlier  in  the  one  or  the  other  case  there  may  be  actual  identity,  or  whe- 
ther it  is,  as  I  think  more  probable,  a  case  of  near  related  yicarioiis  species,  I 
cannot  decide.    On  the  whole  the  following  forms  may  be  correlated : — 

Naffpor.  Lanml*. 

Ph^ia  primepi  Ph.  eopei, 

M        M    TAT.  dongata  Pk,  di^mmetm. 

Aeella  attenmaia  Ac,  kaldemani, 

Paludima  virapai  Hydrobia  anthow^, 

Unio  earteri  J  ^*»"^  gonifmotni 

Corhieula  indent  Corb.  ci 


These  &cts  jnstify  the  oonclnsion  that  the  intertrappean  beds  of  India  are  the 
most  nearly  related  of  any  fresh- water  beds  yet  known  to  the  Laramie  beds  of 
North  America— a  result  which  agrees  well  with  the  most  generally  received 
opinions  with  regard  to  the  age  of  both.  Whether  both  belong  to  cretaceous  or 
tertiaiy  formations  the  fresh- water  shells  give  no  decided  means  of  judging; 
many  forms — ^for  example,  the  large  Physa,  Melania  wyomingeneis,  and  others  of 
the  Laramie  beds— are  nearly  related  to  tertiary  types,  but  side  by  side  with  this 
are  found  surprising  relations  to  European  cretaceous  forms.  I  will  not,  however 
enter  here  more  particularly  upon  this  point,  since  Dr.  Tausch  is  at  present 
engaged  in  my  institute  upon  studies  which  will  yield  evidence  in  this  direction. 
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Cappbb,'  Johh. — Hand-book  to  the  Ceylon  Court,  Calcutta  International  Exhibition.    fiT 

Colombo,  1883. 

CoMMiaSIOHXB  TOB  CbTLOIT. 

Catalogue  of  a  choice  and  valuable  collection  of  ancient  and  modem  Japanese  euiioa  and 
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the  Goyemment  Board  of  Immigration  of  that  Colony.  2Dd  edition. 
8''  Launceston,  1883. 

C0MMI88IOHBB  FOB  Tasmakia. 

KiBG,  WniXAM. — The  Singareni  Coal  Field  and  others  adjoining  to  or  in  the  Madras 

Presidency.  8**  Pam.  Madras,  1883. 

Thb  Authob. 

Ludlow,  WiLLiAM.«>Report  of  a  reoonnaissanoe  from  Carroll,  Montana  territory,  on  the 

Upper  Missouri,  to  the  Yellowstone  National  Park,  and  return, 
made  in  the  summer  of  1876.  4"  Washington,  1876. 

HoMB  Dbpabtmbkt. 

„  Report  of  a  reconnaissance  of  the  Black  Hills  of  Dakota,  made  in 

the  summer  of  1874.   4^  Washington,  1876. 

HoMB  Dbpabtmbht. 
M ABCon,  JuiBi.— Note  sur  la  G^logie  de  la  Califomie.  8*  Pam.  Pfeuris,  1883. 

Thb  Attthob. 
Xasoji,  BvfD.  F.— Burma*  its  people  and  productions ;  or,  notes  on  the  fauna,  flora,  and 

minerals  of  Tenasserim,  Pegu,  and  Burma.  Vol.  I,  Geology,  Mineralogy, 
and  Zoology ;  Vol.  II,  Botany.  Re-written  and  enlarged  by  W.  Theobald. 
8"*  Hertford,  1882-83. 

Chibf  C0MMI8810NBB,  Bbitish  Bvbma. 

MoEean's  Patent  Book  Boring  Machinery.  4''  Glasgow,  1883. 

Thb  Ezhibitob*. 
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TUUt  nf  Book*.  *       IknoM. 

MzLiAB,  Wx.  Allsv.— Introdaotioa  io  thtf  stady  of  IiKHrgaaio  Clidiiiistty.  New  edition. 

8*  London,  1879. 
MvBLLBi,  FiBDiHAHD  Tov. — Obtenrations  on  new  TefpetaUe  fossile  of  the  Anriferooi 

Drifts.    2nd  Decade.  8**  Melbourne,  1888. 

Dbpabtmbnt  of  Minbs  and  Watbb  Supply,  Mblboubhb. 

Mxtkhjlbji,  T.  N. — A  hand-book  of  Indian  prodnetB,  art-numnfaetaree,  and  raw  maleriahi. 

8"*  Calcutta,  1883. 

The  Authob. 

Nbw  South  Wixbs,  its  progress  and  resouroes ;  and  official  catalogne  of  exhibits  from  the 

Colony  forwarded  to  the  International  Exhibition  of  1883-84  at  Calcutta. 
8"  Sydney,  1883. 

C0MMI8810VBB  FOB  Nbw  South  Wacbs. 

Kswroir,  Hbhbt,  and  Jbvnbt,  Waltbb  P.— Heport  on  the  geology  and  resooroes  of  the 

Black  Hills  of  Dakota.  4""  Washington,  1880. 

HoxB  Dbpabtxbvt. 

PALBOKTOLoaiB  Fran^aise.    Ire  S^rie,  Animaux  Invert^r^s,  Terrain  Crtftao^,  lirr.  90. 

9*  »»  »»  »>      Jurassique,  „  65-66.    fiT 

Paris,  1884. 
Pbaoock,  B.  a.— ^Saturated  steam,  the  motive  power  in  Toloanoes  and  earthquakes ;  great 

importance  of  electricity.    2nd  edition.  8^  London,  1882. 

Thb  Authob. 

Pbnkino,  W.  Hbkbt.— Engineering  Greology.  8^  London,  1880. 

Qubnstbdt,  Fb.  Aug.— Handbuch  der  Fetre&ktenkunde.  Auflage  III.  Lief.  13-14.   8^ 

Tubingen.  1883. 
Bbpobt  on  the  Icelandic  committee  from  Wisconsin  on  the  character  and  resouroes  of  Alaska. 

8^  Pam.  Washington,  1875. 

HoHB  Dbpabtmbvt. 

Bbpobt  on  the  two  kinds  of  coal  submitted  by  the  Chesapeake  and  Ohio  Bailroad  Coal 

Agency.   8**  Pam.  Washington,  1878. 

HoMB  Dbpabtkbvt. 

Bbpobt  upon  the  TellowHtone  National  Park  for  1872^  1877,  1879,  and  1880.    8"  Pam. 

Washington,  1873^881. 

HoHB  Dbpabtxbht. 

Bbusoh,  Haki.  Hw — Silurfossiler    og    Pressede    Konglomerater  i  Bergensskifrene.    8* 

EristiAttia*  18A2. 

BOTAL  XlHiyBBSITT,  NOBWAT. 

ScHUXACHBBy  E.— Erlauterungen  zur  Gleologischen  Karte  der  Umgegend  yon  Strassburg. 

With  a  map.  8^  Panu  Strasburg,  1883. 

Eais.  Ukitbbs.  Bibliothbk. 

Spbcial  catalogue  of  exhibits  in  the  Tasmanian  Court  at  the  Calcutta  Intematioiaal  Sxhibi* 

tion,  1883-84.    8**  Calcutta,  1363. 

COXXI88IOKBB  FOB  TaBXAHIA. 

Stahlbt,  D.  S.— Beport  on  the  Yellowstone  Expedition  of  1873.    8*  Pam.  Washington, 

1874. 

HoHB  Dbpabtxbht. 
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Titl4M  (gf  Books.  Donon. 

Stow,  J.  P. — South  Atutralia :  iU  histoiy,  prodootionf,  and  natural  reaoaroet*    Written  for 

the  Calcutta  Exhibition.    8*  Adelaide,  1888. 

COMXIBSIOVBB   TOB  South  AUSTBALIA. 

SuFFLBMBiVTABT  instinctions  in  relation  to  Mineral  and  Agricaltaral  Lands  under  the 

Mining  Acts  of  Congress.    8^  Pam.  Washington,  1871. 

HoHS  Dbfabtmbkt. 

Tub  Marshall  Group,  North  Pacific  Islands.    8^  Pam.  Washington,  1870. 

UoHB  Dbpabtmbnt. 

IJlbich,  G.  H.  F. — ^Notes  and  obeervations  on  the  Nuggettj  Beef,  Maldon.    (Quarter 

sheet  14,  N.  W.)    8''  Pam.  Melbourne. 

COHIOSSIOKBB  FOB  ViOTOBIA. 

United  States  Mining  Laws,  and  regulations  thereunder,  1872,  1879,  and  188L    8*  Pam. 

Washington,  1872, 1879,  and  1881. 

HoMB  Dbpabtmbbt. 

Ybbbbbx,  B.  D.  M.— Topographische  en  Geologisehe  Beschrijying  van  een  geieelte  Tan 

Sumatra's  Westkust.    With  Folio  Atlas.    8**  and  FoL  Batavia,  1883. 

Dibbctob  ob  Ihstbuctiok,  Batayii.. 

WiBBBV,  G.  K. — An  essay  concerning  important  physical  features  exhibited  in  the  valley 

of  the   Minnesota  river,  and  upon  their  signification.    8^  Pam.  Wash- 
ington, 1874. 

HoMB  Dbpabtmbnt. 

Wbbstbb's  Patent  Aluminium  Metals.    8*  London,  1883. 

Thb  Exhibitobs. 

Wbx,  GusTAY.^First  and  second  treatises  on  the  decrease  of  water  in  springs,  creeks,  and 

rivers,  contemporaneously  with  an  increase  in  height  of  floods  in  cul- 
tivated countries.    8**  Pam.  Washington,  1880-81. 

HoMB  Dbpabtmbbt. 

Whitb,  C.  a. — Preliminary  report  upon  Invertebrate  Fossils  collected  by  the  expeditions 

of  1871,  1872,  and  1873,  with  descriptions  of  new  spedes.    8*  Pam. 
Washington,  1874. 

Whitfibld,  B.  p. — Preliminary  report  on  the  Paheontology  of  the  Black  Hills.    8^  Pam. 

Washington,  1877. 

HoMB  Dbpabtmbbt. 


PERIODICALS,  8EBIALS,  Ac 

American  Journal  of  Science.    8rd  Series,  Vol.  XXTI,  No.  166,  to  XXYII,  No.  158.    8* 

New  Haven,  1883-1884. 

Thb  Editobs* 

Annalen  der  Physik  und  Chemie.    Neue  Folge,  Band  XX,  heft  4^  No.  \2h ;  and  XXI» 

Nos.1— 2.    8^  Leipzig,  1883-1884. 
Annales  des  Sciences  G^ologiques.    Tome  XIY,  Nos.  2 — 4.    8^  Paris,  1888. 
Annates  dee  Sciences  Naturelles.    6"'  S^rie,  Botanique,  Vol.  XVI,  Nos.  1—6,  and  XVII, 

No.  1 :  6"'  S^rie,  Zoologie  et  Fal^ontologie,  Vol.  XV,  Noa.  2—4  8" 

Paris,  1883-1884. 
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Titles  <^  Books.  Donors. 

Annak  and  Magasina  of  Natural  History.    6th  Series,  Vol.   XIII,  Nob.  73—76.    8" 

Londoo,  1884. 
Athenaam.    Nos.  2929—2940.    4"*  London,  1883-1884. 
Beiblatter  za  den  Annalen  der  Physik  and  Chemie.    Band  YII,  Nos.  11 — 12,  and  yill»  No.  L 

8''  Leipzig,  1883-1884. 
Biblioth^ae  UniTerselle.    Archives  des  Sciences  Physiqaes  et  Natnrelles.    3**  P^riode,  Toms 

X,  Nos.  10—12.    8°  Gen&ve,  1883. 
Biblioth^ne  Uniyerselle  et  Revae  Soisse.    3^  PIriode,  Tome  XX,  Nos.  59 — 60,  and  XXI, 

No.  61.    8""  Lausanne,  1883-1884. 
Botaniflches  Centralblatt    Band  XYI,  Nos.  10—13,  and  XVII,  Nos.  1—8.    8*  CasssL 

1883.1884. 
Chemical  News.    YoL  XL VIII,  Nos.  1265—1257,  and  XLIX,  Nos.  1258—1266.  4*  London, 

1883-1884. 
Ck>lliery  Guardian.    Vol.  XLVII,  Nos.  1197—1208.    Fol.  London,  1883-1884. 
Das  Ausland.    Jahrg.  LVI,  Nos.  50—52,  and  LVIL  Nos.  1—7.    4^  MUnchen,  1883-1884. 
Geological  Magazine.    New  Series,  Decade  III,  Vol.  I,  Nos.  1—2.    8°  London,  1884« 
Iron.    Vol,  XXII,  Nos  570--^72,  and  XXm,  Nos.  573— 581.    FoL  London,  1883-1884. 
Journal  of  Science.    8id  Series,  Vol.  V,  No.  120,  and  VI,  No.  121.    8^  London.  18830884 

Ths  Editob. 

Just,  Lbopold- — Botanischer  Jahresbericht.    Jahrg.  IX,  Abth.  I,  heft  1.     8^  Beriin« 

1883. 
London,  Edinburgh,  and  Dublin  Philosophical  Msfrazine  and  Journal  of  Science.    5th  Series, 

Vol.  XVn,  Nos.  103—105.    8"  London,  1884. 
Mining  Journal  with  Supplement.    Vol.  LIII,  Nos.  2520—2524^  andLIV,  Nos.  2526—2581. 

Fol.  London,  1883-1884. 
NatursB  Novitates.    Nos.  24—25  (1883) ;  and  Nos.  1—3  (1884).   8^  Berlin,  1883-1884. 
Nature.  Vol.  XXIX,  Nos.  737—748.    4°  London,  1883-1884. 
Neues  Jahrbuch  fur  Mineralo^e,  Geologic  und  PalsBootologie.    Jahrg.  1884,  Band  I,  beft 

1—2.    8°  Stuttgart,  1884 
Petermann's  Geographiscbe  Mittheilungen.    Band  XXIX,  No.  12,  and  XXX,  Nos.  1 — 2. 

4""  Gotha,  1883-1884. 
Professional  Papers  on  Indian  Engineering.    3rd  Series,  Vol.  I,  No.  4,    flsc.  Boorkee,  1883. 

Thomason  Colleob  of  Civil  ENeiVBBBiHO. 

Quarterly  Journal  of  Microscopical  Science.    New  Series,  Vol.  XXIV,  No.  93.    8^  London, 

1884. 
Zeitsohrifb  for  Naturwissenschaften.    4th  Series,  Band  II,  heft  5.    S""  Halle,  1883. 


GOVERNMENT  SELECTIONS.  REPORTS.  Ac. 

Assam. — Report  on  the  Census  of  Assam  for  1881.   flso.  Calcutta,  1883. 

Rbyei^ub  and  Aobicultubal  Dbpabthbkt. 

Bbnoal.— HuKTBB,  W.  W. — Statistical   Account  of  Bengal.    Vols.  I — XX.  8"  London, 

1875-1877. 

GOYBBIVMBBT  OF  BbKOAL, 

Bombay.— Gaietteer  of  the  Bombay  Presidency.    Vol.  XV,  pts.  1-2.  8''  Bombay,  1883. 

BOHBAT  GoYBBBMBlTT. 
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Tiilei  qf  Boohs.  Donors, 

Bombay.— Report   on  the  Adminiitratioii  of  the  Bombay  Presidency  for  1882*83.   fleo. 
Bombay,  1884. 

Bombay  Govxbkmbht* 

„         Selections  from  the  Becords  of  the  Bombay  Goyemment.    New  Series,  No.  Ij57. 
8^  Bombay,  1882. 

Bombay  Goybbvmskt. 

Bbitish  Bubma.— Beport  on  the  Administration  of  BHtisb  Burma  daring  1882-83. .  fla4» 

Bangoon,  1883. 

Chixf  Commissiokbb,  Bbitish  Bubma. 

Hybbbibad.— Beport  on  the  Administration  of  the  Hyderabad  Assigned  Districts  for 

1882-83.  flsc  Hyderabad,  1883. 

Bbsidbht,  Hydbbabad. 

IXDIA.— Annual  Statement  of  the  Trade  and  Navigation  of  British  India  with  Foreign 

Countries,  and  of  the  Coasting  Trade  of  the  several  Presidencies  and 
Provinces  in  the  year  ending  3l8t  March  1883.  Vol.  11,  Coasting  Trade. 
4*"  Calcutta,  1884. 

GOTBBBMBHT  PBIKTUrO  PbBSS. 

„       List  of  Officers  in  the  Survey  Departments,  corrected  to  1st  Januaiy  1884  flsc. 
Calcutta,  1884. 

Bbtbkub  &  Aobicultubal  Dbfabtmbht. 

„       List  of  publications  and  maps  relating  to  Forest  Administration  in  India,  sent  tq 

the  Edinburgh   International  Forestry  Exhibition  of  1884.  8^  Pam. 
Calcutta,  1884. 

HoMB  Dbfabtmskt. 

M       Begisters  of  Original  Observations  in  1883,  reduced  and  corrected.  June  to  August 

1883. 4''  Calcutta,  1884. 

Mbtbobologioal  Bbpobtbb  to  Govbbnmbnt  of  Ikdia. 

„       Beport  on  the  Administration  of  the  Persian  Gulf  Political  Residency  and  Muscat 

Political  Agency  for  1882-83.   No.  191.   8*"  Calcutta,  1883. 

FoBBiGN  Dbfabtmbht. 

ft       Beport  on  the  Census  of  tbe  Baroda  Territories,  1881.    flsc.  Bombay,  1883. 

Rbybhub  abd  Agbicultubal  Dbfabtmbnt. 

Madbas. — Beport  on  the    Administration  of   the  Madras  Presidency  for    1882-83.  flso. 

Madras,  1883. 

Madbas  Goybbitmbnt. 

N.-W.  Pboyikcbs. — Statistical,  descriptive  and  historical  account  of  the  North- Western 

Provinces  of  India.    Vol.  IX.    8''  Allahabad,  1883. 

Govbbnmbnt  of  thb  Nobth-Wbstbbn  Pbovincbs. 

Punjab.— iBBBTsoiTy  Dbnzil  Chablbs  Jblf.  —Beport  on  the  Census  of  the  Punjab,  taken  on 

the  17th  of  February  1881.    Vols.  I— III.  4**  Lahore,  1883. 

ReVBNUB  &  AOBICULTUBAL  DbFABTMBNT. 

„         Beport  on  th^  Administration  of  the  Punjab  and  its  Dependencies  for  1882-83. 
flsc.  Lahore,  1884. 

Punjab  Govbbnmbnt. 

o 
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TRANSACTIONS,  PROCEEDINGS,  &c^  OF  SOCIETIES,  SURVEYS,  Ac. 

TSilei  qf  Booki.  Domon. 

Bbblik.— Annales  de  la  Sooitfttf  G^ologiqne  de  Belgique.    Tome  DL  S""  Berlin,  1881-1882. 

Ths  Socistt. 

BoHBAT.— Journal  of  tbe  Bombay  Branch  of  the  Rojal  Asiatic  Society.  Vol.  XVI,  No.  42. 

8"*  Bombay,  1884. 

Thb  Sooistt. 

BBVS8BL8. — Annalee  de  la  BociM  Royale  Malacologique  de  Belgiqne.  3*°*  Stfrie,  Tome  11. 

8"*  Braxellee,  1882. 

Thb  Socibtt. 

„  Proe^-Yerbaox  dee  Stances  de  k  Socitft^  Royale  Malaoologiqae  de  Belgiqne. 

Tome  XI.  pp.  156—266,  and  Vol.    XII,    pp.  1—108.   8"*  Braxellee, 

1882-1883. 

Thb  Socibtt. 

„  Bulletin  de  la  Sooitft^  Royale  Beige  de  Gtfograpbie.  Anntfe  VII,  No.  5.  8* 

Bruxellee,  1883. 

Thb  Socibtt. 

BuDAPBST.— Foldtani  Kozlony.  Kotet  XIII,  fozet  4—6.    8*  Bndapeet,  1883. 

Thb  Ibstitutb. 

„  Mittbeilnn^n  aus  dem  Jabrbnobe  der  Eon.  Ungariacben  Geologischen  Anetalt 

Band  VI,  heft.  5—6.  8*"  Badapest,  1883. 

Thb  iBsnTUTB. 

Calcutta.— -Jonmal  of  tbe  Aiiaiio  Society  of  Bengal.  New  Series,  Vol.  LII,  Pt  I,  Noe.  3—4; 

and  Pt  n,  Nob.  2—4.    8*  Calcutta,  1883-1884. 

Thb  Socibtt. 

Proceedings  of  tbe  Asiatic  Society  of  Bengal.  No.  IX.    8**  Calcutta,  1883. 

Thb  Socibtt. 

Mallet,  F.  R.— Descriptive  catalogue  of  tbe  collection  of  Minerals  in  the 

Geological  Museum,  Calcutta.    S"*  Calcutta,  1883. 

Gbological  Subybt  of  Ibdia. 

„  Memoirs   of   the  Greological  Survey  of   India.    Vol.   XX,    Nos.    1 — 2.   8* 

Calcutta,  1883. 

Gbological  Subybt  of  India. 

„  Palftontologia  Indica.    Series  XIV,  Vol.  I,  pt.  4.  4*  Calcutta.  1883. 

Gbological  Subybt  of  Iitdla. 

„  Popular  Guides  to  the  geological  collections  in  the  Indian  Museum,  Calcutta. 

Noe.  1—5.  8*  Calcutta,  1879-1883. 

Gbological  Subybt  of  Ikdia. 

„  Records  of  the  Geological  Survey  of  India.    Vol.  XVII,  Part  1.    8^  Calcutta, 

1884. 

Gbological  Subybt  of  Ikdia. 

Caxbbidgb. — Proceedings    of    the   Cambridge    Philosophical    Society.    Vols.  I  and    II. 

&*  Cambridge,  1866-1876. 

Thb  Socibtt. 

„  Transactions  of  tbe  Cambridge  Philosophical  Society.    Vols.  IX  to  XI,  Part 

2.    4'' Cambridge,  1851-1869. 

Thb  Socibtt. 
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TUUm  pf  Boohs.  Donors. 

Cambbidob,  Ma88«— 'Annual  Report  of  the  Curator  of  the  Museum  of  Comparative  Zoology 

at  Harvard  College  for  1882.83.     8^  Camhridge,  Mass.  1883. 

Albz.  Agassiz. 

„  Bulletin  of  the  Museum  of  Comparative  Zoology.    Vol.  XI,  Nos.  3 — 9. 

8^  Cambridge,  Mass.  1883. 

MUSBUM  OF  COMPABATIYB   ZoOLOOT. 

„  Memoirs  of  the  Museum  of  Comparative  Zoology.    Vol.  YIU,  No.  2  ; 

and  IX,  No.  2.    4*"  Cambridge,  Mass.  1883. 

MuSBUM  OF  COVPABATITB  ZOOLOOT. 

CoPXiiHAOBir. — ^M^moires    de   I'Acad^mie  Royale  de  Copenhague.    C^^   S^rie,   Vol.   11^ 

Nos.  4—5.    4,""  Copengahen,  1883. 

Thb  Acasbsct. 

„  Oversigt  over  det  Kongelige  danske  Videnskabemes  Selskabs.    No.  2.    8* 

Copenhagen,  1883. 

Thb  Acadbmt. 

Dbbbdbjt. — Sitzungsberichte  und  Abhandlungen  der  Naturwissenschaftliohen  Gesellschaft 

Isis  in  Dresden,    Juli  bis  December,  1883.    8°  Dresden,  1884. 

Thb  Socibtt. 

SDiJiBrBOH.— Transactions  of  Boyal  Scottish  Society  of  Arts.    Yd.  XI,  Part   1.    8^ 

Edinburgh,  1883. 

Thb  Socibtt. 

Glisoow.— Proceedings  of  the  Philosophical  Society  of  Glasgow.    Vol.  XIV.    8^  Glasgow, 

1883. 

Thb  Socibtt 
„  Transactions  of  the  Geological  Society  of  Glasgow.    Vol.  VII,  Part  1.     8" 

Glasgow,  1883. 

Thb  Socibtt, 

Hallb. — Nova  Acta  Academiae  Caesareae  Leopoldino-Carolinae  Germanicae  Naturae  Curio* 

sorum.    Tomus  XLIV.    4!*  Halle,  1883. 

Thb  Acadbmt. 
„         Leopoldina.    HeftXYIU.    4'' Halle,  1882. 

Thb  Acadbsct. 

LivBBPOOL.— Proceedings  of  the  Liverpool    Geological  Society.    Vol.  lY,  Part  5.    8* 

Liverpool,  1883. 

Thb  Socibtt. 

LoHDOK.«-Joumal  of  the  Society  of  Arts.    Vol.  XXXII,  Nos.  1620^1632.    8^  London, 

1883-1884. 

Thb  Socibtt. 

„  Mineralogical  Magazine,  and  Journal  of  the  Mineralogical  Society  of  Great  Bri- 

tain and  Ireland.    Vol.  V,  Nos.  22—25.     S**  London,  1882-1883. 

„  Pal»ontographical  Society's  publications.   Vols.  XXXY— XXXVII.    4^  London, 

1881-1883. 

o  Ph)oeedings  of  the  Boyal  Geographical  Society.   New  Series,  VoL  V,  No.  12 ;  and 

YI,  No.  1.     8*"  London,  1883-1884. 

Thb  Socibtt. 

„  Quarterly  Journal  of  the  Geological  Society.    Vol.  XXXIX,  No.  156.    With  list 

of  Fellows  for  1883.    8"  London,  1883. 

Thb  Socibtt. 
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Titles  of  Books.  Demon* 
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0»  the  microscopic  structure  of  some  Arvali  rocks,  by  Colonel  C.  A.  McMahon^ 

F.G.S.    (With  a  plate.) 

D08t\ 

Dosi,  an  isolated  hill  within  the  Arvali  area,^  between  Namoul  and  Ehetri, 
rises  more  than  1,000  feet  above  the  neighbouring  plain,'  and  forms  a  striking 
object  for  many  miles  around.  Its  steep  sloping  sides  and  cup-like  top  g^ve 
the  hill  an  appearance  not  altogether  unlike  a  volcano. 

It  is  curious  how  prone  some  people  are  to  think  that  every  cup-like  depres- 
sion observed  on  the  crest  or  spur  of  a  mountain  is  an  old  crater.  I  have 
several  times  been  asked  whether  Elajiar,  a  beautiful  glade  in  the  forest  within 
9  mOes  of  Dalhousie,  is  not  an  old  volcano,  although  there  is  not  a  modem 
volcanic  rock  in  the  whole  district,  and  the  upper  silurian,  or  pre-carboniferous, 
altered  basalts  are  many  miles  distant. 

In  the  case  of  Kajidr  and  Dosi,  the  formation  of  these  cup-like  depressions 
seems  to  be  in  great  part  due  to  what  one  may  call  the  eccentricities  of  sub-aerial 
decay.  Crystalline  rocks,  apparently  composed  of  exactly  the  same  materials, 
and  struck  out  of  the  same  mould,  as  it  were,  vary  very  capriciously  within  a  few 
yards  in  their  power  of  resisting  the  elements  of  decay. 

Many  curious  instances  of  this  are  to  be  seen  at  Dosi,  where  deep  grooves, 
several  feet  in  depth  and  in  diameter,  have  been  carved  out  of  the  sides  and  faces 
of  huge  granitic  blocks  by  sand-laden  wind  aided  by  the  selective  agency  of 
natural  decay.  When  they  are  of  small  size,  they  remind  one  very  much  of  the 
pot-holes  and  furrows,  formed  by  the  action  of  water,  so  often  to  be  seen  carved 
on  boulders  in  the  beds  of  Himalayan  rivers ;  but  such  agency  is  of  course  not  to 
be  thought  of  in  the  case  of  rocks  on  the  top  of  an  isolated  hill,  like  Dosi,  situ- 
ated in  a  sub-desert  tract,  where  the  rainfall  is  very  small.  Moreover,  in  some 
of  those  carved  horizontally  out  of  the  face  of  a  rock  the  deepest  portion  is  at 
times  connected  with  the  top  and  not  with  the  bottom  of  the  groove. 

'  Described  by  Mr.  C.  A.  Hacket  in  his  paper  On  the  Qeologif  of  the  Arvali  region.  Central 
and  ISaetem,  Records  XIV,  279. 

'  The  point  I  reached,  which  was  not,  I  think,  the  highest,  was  2,110  feet  above  the  sen  by  mj 
Aneroid  barometer  and  1,110  feet  above  the  village  at  its  foot  where  the  ascent  commenced. 
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Nor  is  it  necessary  to  call  in  the  agency  of  water  to  explain  the  formation  of 
these  grooves.  In  the  Dosi  region,  fierce  westerly  winds,  heavily  laden  with  sand 
from  the  neighbouring  plains,  prevail  for  many  months  daring  the  year.  Qollies 
amongst  the  rocks  bring  heavy  gusts  of  wind  to  a  focus,  as  it  were,  a^d  make 
them  do  the  work  of  sand-blast  boring  machines. 

In  the  neighbourhood  of  Dosi  and  Namoul,  the  hills,  some  of  them  consist, 
ing  largely  of  actinolite  schists,  are  traversed  in  all  directions,  but  generally  more 
or  less  across  the  strike  of  the  strata,  by  dykes  of  white  granite.  It  is  a  very 
coarse-grained  rock  consisting  principally  of  felspar  and  quartz  with  occasional 
lumps  of  schorl  2  or  3  inches  in  diameter.  Mica  (white  muscovite)  is  rather 
rare,  but  here  and  there  it  is  well  developed.  Some  of  the  quartz  gpradns  are 
larger  than  oranges,  and  I  measured  one  7  inches  across. 

Dosi  itself  is  composed  wholly  of  the  rock,  about  to  be  described,  which  ia 
marked  gneiss  on  the  map  which  accompanies  Mr.  Hacket's  paper  on  the  geology 
of  the  Arvdli  region.  It  is  a  fine-grained  rock  of  pale  pinkish  buff  colour  com- 
posed of  quartz,  felspar,  black  mica  and  black  hornblende,  the  latter  predominat- 
ing over  the  mica. 

A  general  parallelism  in  the  arrangement  of  the  hornblende  and  mica,  and 
which  coincides  with  the  strike  of  the  sedimentary  strata  in  the  neighbourhood, 
is  observable  in  the  field  on  a  careful  inspection.  Sometimes  the  rock  weathers 
out  into  smooth  massive  blocks,  like  true  granite,  at  others  it  becomes  slightly 
furrowed  on  the  surface,  the  furrows  striking  north-east  15°  east. 

M. — Nos.  1,  2,  3,  and  4.  The  following  is  a  description  of  the  straotnre  of 
the  Dosi  rock  as  seen  in  thin  slices  under  the  microscope.  These  slices  contain 
quartz,  orthoclase,  plagioclase,  microcline,  black  mica,  hornblende,  micro-gaxnets, 
and  a  Uttle  magnetite. 

The  quartz  is  about  as  abundant  as  the  felspar.  Tridinic  felspar  is  very 
plentiful,  and  there  are  numerous  pieces  of  microcline,  but  none  of  them  are  of 
large  size.    Prismatic  cleavage  is  frequently  well  exhibited  in  the  orthodaae. 

The  qusoiz  contains  multitudes  of  liquid  enclosures  with  fixed  and  movable 
bubbles,  and  in  many,  crystals  have  been  deposited  on  the  cooling  of  the  liquid, 
as  shown  at  figs.  23,  30,  31,  32,  and  34.  The  enclosure  depicted  at  fig.  23  con- 
tains a  crystal  and  two  bubbles.  The  right-hand  one,  which  is  a  gas  bubble, 
certainly  moves,  though  the  movement  is  confined  to  contracted  Umita  ;  the  left- 
hand  one,  which  appears  to  be  an  ordinary  vacuum  bubble,  is  either  fixed,  or  its 
vibrations  are  so  circumscribed  that  I  coxdd  not  feel  sure  that  it  really  moved. 

Figs.  30,  31,  32,  and  34  of  the  plate  which  accompanies  this  paper  may  be 
usefully  compared  with  figs.  79,  80,  81,  and  83,  Plate  XVIII,  Q.  J.  G.  S.,  VoL 
XIY,  which  accompanies  Dr.  Sorby's  paper  on  the  microscopical  structure  of 
crystals,  and  which  depict  similar  liquid  cavities  found  in  nepheline  blocks 
ejected  from  Vesuvius. 

The  quartz  of  the  Dosi  rock  contains  numerous  liquid  cavities  with  gas  bubbles. 
One  of  the  latter  type  is  sketched  at  fig.  33. 

At  fig.  35  I  have  depicted  a  liquid  cavity  contained  within  a  negative  quartz 
crystal ;  that  is  to  say,  the  cavity  has  assumed  the  shape  of  a  small  quartz  crystal 
with  bi-pyramidal  terminations.     There  is  no  doubt  about  its  being  a  liquid 
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cavity  as  the  babble  is  a  movable  one.  Cavities  of  this  character  seem  to  prove 
that  the  qnartz  was  in  a  state  of  flux,  as  does  also  the  presence  of  some  perfectly 
hexagonal  microlithic  plates  of  mica  enclosed  in  it  here  and  there. 

Fig.  35  of  the  plate  attached  to  this  paper  may  be  compared  with  fig.  114  of 
Plate  XIX  of  Dr.  Sorby's  paper  just  referred  to.  The  latter  represents  a  liquid 
caviiy,  in  the  shape  of  a  quartz  crystal,  containing  a  bubble  and  a  deposited 
crystaL  The  cavity  was  observed  in  the  quartz  of  the  granite  from  the  Ding 
Dong  mine  near  Penzance. 

Some  of  the  bubbles  in  the  liquid  cavities  observed  in  the  Dosi  rock  appear  to 
be  ordinary  vacuum  bubbles,  but  many  of  them  are  gas.  The  latter  are  quite 
round,  but  occupy  a  much  larger  area  relative  to  the  size  of  the  cavity  than  the 
vaonum  bubbles  and  afEect  light  differently. 

In  one  enclosure,  which  I  have  not  sketched,  the  crystal  deposited  within  it 
is  distinctly  cubical  and  is  probably  sodium  chloride  :  those  depicted  in  figs.  30 
31^  and  32  are  corroded  like  the  one  represented  at  fig.  55,  Plate  XVII  of  Dr. 
Sorby's  paper  already  quoted. 

For  the  sake  of  comparison,  I  have  studied  some  thin  slices  of  typical  rocks 
from  Scotland  prepared  by  Mr.  J.  M.  Bryson,  of  60,  Princes  Street,  Edinburgh, 
from  specimens  selected  for  him  by  Professor  Oiekie.  In  them  I  find  very  simi- 
lar objects  to  those  described  in  the  preceding  pages.  Fig.  24  is  a  liquid  cavity 
containing  a  bubble  and  a  crystal  probably  of  sodium  chloride,  and  fig.  25  repre- 
sents a  gas  inclusion,  both  taken  from  granite  invading  metamorphosed  lower 
Silurian  rocks. 

In  the  Aberdeen  granite,  mioroliths,  many  of  them  apparently  of  quartz  with 
bi-pyramidal  terminations  rounded  or  more  or  less  modified,  are  very  abundant 
in  the  quartz  and  felspar.  They  contain  shrinkage  cracks  and  cavities  and 
lacunsB  with  fixed  and  movable  bubbles.  Figs.  26,  27,  28,  and  29  are  taken  from 
the  Aberdeen  slice.  Exactly  similar  bodies  are  common  in  the  gneissose  granites 
of  the  North. West  Himalayas,  and  figs.  26 — 29  may  be  usefully  compared  with 
figs.  11  and  20  of  the  plate  annexed  to  my  paper  in  the  last  number. 

Fig.  16  is  the  sketch  of  a  stone  enclosure  found  in  the  Dosi  rock  under  descrip- 
tion. It  is  a  round  mass  of  coloured  crystalline  matter  enclosed  in  limpid 
colourless  quartz.     Ik  contains  four  fixed  bubbles  of  different  sizes. 

Such  cases  as  those  illustrated  by  figs.  16  and  35,  taken  in  connection  with  the 
other  illustrations,  prove,  I  think  conclusively,  that  the  Dosi  rock  passed  through 
a  stage  of  aqueo-igneous  fusion. 

Under  the  microscope,  no  difference  in  structure  can  be  detected-  between  the 
Dosi  rock  and  the  intrusive  granite  of  Aberdeen  with  which  it  has  been  com- 
pared, but  nevertheless  I  hesitate  to  class  the  former  as  a  true  granite.  The 
evidence  shows  at  all  events  that  either  the  Dosi  rock  is  a  true  syenitic  granite, 
or  the  metamorphism  of  a  crystalline  rock  of  the  Dosi  type  is  the  result  of  aqueo- 
igneous  agencies  sufficiently  powerful  to  flux  the  materials. 


Delhi  quartzUes. 

OS.  5,  6,  and  7  are  from  the  rocky  ridge  to  the  north  of  Delhi,  where  our 
took  up  its  position  during  the  memorable  siege  of  1857.     These  quartzites 
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range  in  colour  from  a  light  to  a  dark  grey.  With  the  aid  of  a  pocket  lens,  Tety 
minute  specks  of  dark  mica,  and  of  iron,  may  be  discerned  disseminated  through 
them ;  and  owing  to  the  abundance  of  the  iron,  long  tear  drops  may  yery  fre* 
quently  be  observed  coursing  down  the  faces  of  weathered  blocks.  These  msly- 
looking  streaks  are  formed  by  rain  trickling  down  the  sides  of  blocks  and  causing 
the  peroxidation  of  the  iron  contained  in  the  rock  in  the  form  of  magnetite. 

M. — These  slices  are  seen  under  the  microscope  to  contain  numerous  flakes  of 
a  colourless  mica,  minute  garnets,  prisms  of  schorl  and  micro  sphenes.  There  are 
also  rounded  microHths  of  dark  mica.  Magnetite  and  much  red  and  yellow 
ferrite  are  also  present.  Some  of  the  garnets  are  much  corroded  at  the  edges, 
and  altered  into  ferrite  and  into  a  greenish  fibrous  dichroic  material. 

The  Delhi  quartzite  is  an  extremely  interesting  rock,  as  it  contains  evidence 
of  having  been  subjected  to  great  heat,  sufficient  to  have  allowed  considerable 
freedom  of  motion  amongst  its  constituent  molecules.  Microliths  contain  what 
are  to  all  appearance  shrinkage  cavities,  as  for  instance  figs.  17,  18,  and  21 ; 
very  minute  indeed,  but  still  comparable  with  such  illustrations  taken  from  the 
Aberdeen  granite  as  figs.  27  and  28.  The  evidence  afforded  by  these  micro- 
liths, however,  is  by  no  means  conclusive,  as  in  the  case  of  a  quartzite  one  might 
suppose  that  these  bodies  appertain  to  the  quartz  grains  of  the  original  sandstone, 
and  that  the  latter  were  derived  from  some  ancient  granite  and  retained  within 
them  the  stamp  of  their  eruptive  origin.  But  this  cause  of  doubt  is,  I  think, 
removed  by  the  cumulative  evidence  afforded  by  the  other  objects  about  to  be 
described,  and  by  the  fact  that  all  trace  of  the  quartz  grains  of  the  original 
sandstone  from  which  the  Delhi  quartzite  has  been  derived  has  been  obli- 
terated. 

That  the  molecules  of  matter  contained  in  the  Delhi  quartzite  enjoyed  con- 
siderable freedom  of  action  is,  1  think,  shown  by  such  objects  as  those  depicted  at 
figs.  11,  12,  13,  17,  20,  21,  and  22. 

Figs.  12  and  17  illustrate  the  case  of  opacite  drawn  towards  and  attached 
to  microliths,  which  in  the  former  case  had  certainly  formed  before  the  opacite. 
Figs.  20  and  21  represent  microliths,  in  the  former  case  quartz  and  in  the 
latter  mica,  which  have  caught  up  micro  crystals  and  opacite,  and  have  retained 
them  in  their  embrace  on  consolidation.  Similar  bodies  have  also  formed  on  the 
outside  of  the  microlith  depicted  at  fig.  20,  and  the  latter  also  contains  a  fixed 
bubble.     These  objects  very  closely  simulate  the  appearance  of  true  stone  cavities. 

Fig.  13  represents  an  opaque  crystal  embraced  by  a  flake  of  mica ;  fig.  22 
is  an  air,  or  gas,  bubble  surrounded  by  a  ring  of  coloured  mineral  matter ;  whilst 
fig.  11  is  an  air  bubble  partially  clasped  by  minerals. 

Fig.  19  is  the  representation  of  a  liquid  cavity  of  imperfect  hexagonal  shape, 
the  imperfection  of  the  shape  being  probably  due  to  the  fact  that  the  slice  was 
not  taken  at  right  angles  to  the  axis  of  the  cavity.  I  observed  many  liquid  lacunie 
of  hexagonal  shape  in  the  quartz  of  slice  No.  6,  with  movable  bubbles  in  them, 
and  their  presence  seems  to  show  that  the  quartz  prior  to  final  consolidation 
was  in  a  fused  or  plastic  condition. 

The  cavity  depicted  at  fig.  19  contains  two  liquids,  and  an  inner  bubble 
that  is  in  a  state  of  violent  activity,  dashing  about  from  side  to  side  in  the  wildest 
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possible  way.     Tlie  smaller  drop  of  liquid  is  apparently  carbon  dioxide,  as  the 
movable  bubble  temporarily  disappeared  on  the  application  of  veiy  low  heat. 

.Ordinary  fluid  cavities  with    movable    bubbles    are    extremely    numerous 
throughout  the  quartzite. 

Tushdm,^ 

The  village  of  Tushdm  is  situated  about  14  miles  to  the  north-west  of  the 
town  of  Bhewdni,  and  about  85  miles  west  11°  north  of  Delhi. 

The  village  nestles  on  tlie  eastern  side  of  a  low  rocky  ridge  under  2  miles  in 
length,  which,  towards  its  centre,  rises  to  a  height  of  630  feet  above  the  adjoining 
plain  and  culminates  in  a  conical  hill  that  forms  a  striking  land  mark  for  20 
miles  around. 

The  summit  is  difficult  of  access  and  is  crowned  by  the  ruins  of  a  small  fort, 
the  building  of  which  is  popularly  attributed  to  Raja  Pithora. 

Small  caverns  in  the  rocky  side  of  the  hill,  partially  filled  with  water,  are 
considered  peculiarly  holy  pools,  and  are  visited  by  a  number  of  pilgrims ;  throe 
**  melas,*'  or  religious  fairs,  being  held  during  the  year. 

There  are  three  rock  inscriptions  *  at  Tush^m  which,  in  General  Cunningham's  ' 
opinion,  belong  to  the  time  of  the  later  Indo- Scythian  Princes,  and  were  cut  between 
A.D.  67—69. 

The  eastern  flank  of  Tush  dm  is  composed  of  chiastolite  schists,  the  dip  of 
which  is  either  vertical,  or  extremely  high  west  11°  north  to  west-north-west,  and 
the  strike  of  which  ranges  from  north  5°  east,  on  the  north-east  extremity,  to 
north-north-east  at  the  south-east  end  of  the  outcrop.  To  the  west  of  these 
schists  there  follow  pale  grey  argillaceous  beds  containing  numerous  small  frag- 
ments of  quartz,  and  traversed  in  all  directions  by  red  ferruginous  Hues. 

The  centre  and  western  side  of  the  ridge  is  composed  of  felsites,  or  micro- 
quartz  porphyries,  described  further  on.  I  was  for  some  time  doubtful  whether 
these  rocks  were  of  igneous  or  of  metamorphic  origin,  and  thought  they  might 
represent  beds  similar  to  the  argillaceous  gritty  rocks,  alluded  to  in  the  last 
paragraph,  in  a  more  advanced  stage  of  metamorphism ;  but  now  that  I  have 
examined  thin  slices  of  them  under  the  microscope,  I  am  satisfied  that  they  are 
of  igneous  origin. 

I  may  note  in  passing  that  whilst  the  specific  gravity  of  the  argillaceous  rock 
referred  to  is  as  high  as  2*95,  that  of  the  felsites  ranges  from  2*68  to  2*77  and 
averages  2*71. 

Two  dykes  of  quartz  porphyry  traverse  the  ridge,  one  on  the  eastern  and  the 
other  on  the  north-western  side.  The  latter  cuts  across  the  ridge  from  the  north- 
west to  the  north-east  side.  The  dykes  are  not  parallel  to  each  other,  but  their 
strike  diverges  at  an  angle  of  46°.  The  eastern  dyke  cuts  obliquely  across  the 
bedded  rocks  at  a  low  angle ;  it  throws  out  a  tongue  into  the  adjoining  rocks,  at 

1  Tiub^  'and  tbe  neighbouring  billB  described  in  the  following  pages  are  coloured  as  gneiss 
on  the  map  which  accompanies  Mr.  Hacket's  paper  on  the  Arv^li  region,  Central  and  Eastern. 
Records,  XIV,  279. 

'  One  of  these  it  said,  in  the  ArchsBological  Report,  to  be  cat  on  basalt. 

'  Report,  ArchsBological  Survey  of  India»  VoL  V,  p.  130. 
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right  angles  to  the  directioii  of  the  dyke,  and  in  another  place,  near  the  edge  of 
the  dyke,  encloses  a  mass  of  them.  The  quartz  porphyry  is  clearly  an  intmsiye 
rock.  • 

Granite  crops  out  on  the  sonthem,  sonth- western,  and  western  flanks  of  the 
hill,  whilst  the  northern  portion  of  the  ridge  is  traversed  by  granite  veins  rang- 
ing from  a  few  inches  to  a  few  feet  in  thickness.  Some  of  them  cut  across  the 
strike  of  the  other  rocks.  About  a  mile  or  so  to  the  east  of  Tushim  there  is  a 
small  isolated  hill  of  granitoid  quartz  porphyry. 

I  now  pass  on  to  describe  briefly  the  characteristics  of  some  of  the  Tush&m 
specimens  as  seen  in  thin  slices  under  the  microscope. 

Ohiastolite  schist. 

No.  8. — Ohiastolite  schist  from  the  south-east  side  of  the  Tushdm  ridge.  A 
reddish-brown  rock,  with  numerous  minute  plates  of  mica  glistening  on  the  sur- 
face, and  in  which  radiating  crystals  of  ohiastolite  are  imbedded. 

M. — The  ground  mass  contains  numerous  shapeless  grains  of  magnetite,  and 
it  is  much  stained  with  red  and  yellow  ferrite.  It  is  seen  to  be  composed  of 
quartz  in  grains,  but  the  structure  of  the  rock  is  very  much  obscured  by  the 
presence  of  a  considerable  quantity  of  iron.  Most  of  it  is  in  the  form  of  hsBma- 
tite,  rounded  or  imperfect  hexagonal  disks  of  the  blood-red  mineral  being 
abundant. 

The  ohiastolite  crystals  present  nothing  unusual  in  their  appearance. 

I  failed  to  find  gas  or  liquid  cavities  in  the  quartz. 

Quartz  porphyry. 

Nos.  9-14.  Sp.  G.  2*67. — In  a  ground  mass  which  appears  compact  to  the 
imaided  eye,  numerous  and  rather  lai^e  crystals  of  quartz  and  felspar  are  por- 
phyritically  imbedded.  Some  of  the  felspar  crystals  are  an  inch  in  length. 
With  the  aid  of  a  lens,  the  ground  mass  appears  to  be  a  mottled  mixture  of  felspar 
and  dark  mica.  The  pyramidal  ends  of  some  of  the  quartz  crystals,  nearly 
perfect  in  form,  stand  sharply  out  from  the  fractured  surface  of  one  of  the  hand 
specimens. 

M. — The  ground  mass  under  the  microscope  is  seen  to  vary  in  structure  from 
micro-felsitic  to  micro-granitic.  There  appears  to  be  a  tendency  in  the  material 
of  the  ground  mass  to  arrange  itself  in  concentric  and  radiating  structures ; 
nothing  definite  has  resulted,  however,  from  this  tendency  but  shadowy  phan- 
toms that  suggest  rather  than  possess  distinct  forms. 

There  are  two  imperfectly  shaped  pieces  of  hornblende  ranging  from 
reddish-brown  to  greenish-brown  colour  in  transmitted  light.  Dark  mica  is 
very  abundant  partly  in  congeries  of  small  flakes  and  partly  in  stalk-like  or  quasi- 
prismatic  forms.  The  latter  look,  at  first  sight,  very  much  like  microliths  of 
hornblende,  but  they  are  of  exactly  the  same  colour  as  the  mica,  and  I  can  dis- 
cover no  reason  for  distinguishing  them  from  that  mineral.  They  are  so  thin 
that  between  crossed  nicols  their  optical  properties  are  swamped  in  those  of  the 
matrix  in  which  they  are  imbedded,  and  the  usual  tests  for  discriminating  horn- 
blende from  dark  mica  cannot  be  applied. 
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Some  of  the  mica  is  eyidently  of  secondary  origin  and  replaces  oiher  nunerals 
the  crystaUographic  outlines  of  which  remain. 

The  slices  contain  some  ilmenite.  Gas  cavities,  and  liquid  lacunaB  are  very 
abundant  in  the  quartz.  At  fig.  14  I  have  depicted  a  liquid  cavity  containing 
what  is  apparently  a  corroded  crystal  of  sodium  chloride  together  with  two 
bubbles,  the  lai^r  of  which  is  distinctly  movable.  It  is  very  unusual  to  meet 
with  a  plurality  of  bubbles  in  liquid  cavities  ;  but  this  case,  and  that  represented 
at  fig.  23,  show  that  such  instances  do  occur. 

The  porphyritic  crystals  of  felspar  are  partly  orthoclase  and  partly  plagioclase. 
They  are  much  altered  and  kaolinized. 

The  quartz  ciystals  are  in  part  rounded  and  are  much  cor7X)ded,  containing 
the  inclusions  of  the  ground  mass  so  characteristic  of  the  quartz  of  quartz 
porphyries.  A  sketch  of  one  of  them  is  g^ven  at  fig.  10.  In  the  uncorroded 
portions  the  crystaUographic  form  of  the  mineral  is  well  preserved.  Many  of 
the  quartz  crystals  are  fringed  with  a  thin  border  of  mica. 

The  rock  is  a  quartz  porphyry  on  the  border  line  of  the  granite  por- 
phyries. 

No.  15.  Sp.  G.  2*60. — This  specimen  was  taken  from  a  tongue  of  the  quartz 
porphyry  dyke,  above  described,  which  protrudes  into  the  adjoining  rocks  at 
right  angles  to  the  course  of  the  dyke.  The  matrix  of  this  specimen  is  perfectly 
compact,  even  when  examined  with  a  lens,  but  the  rock  does  not  difEer  in  other 
respects  from  that  just  described. 

M.— The  ground  mass  is  micro-felsitic,  but  between  crossed  nicols  it  has  a 
spotted,  mottled  appearance,  as  if  it  were  made  up  principally  of  imperfectly 
developed  granxdes  of  felspar. 

The  porphyritic  crystals  of  felspar  are  much  decomposed  and  have  to  a  con- 
siderable  extent  been  converted  into  kaolin.  Here  and  there  patches  of  chlorite 
and  a  mineral  that  looks  like  pinite  occur  in  them.  Some  of  the  felspars  exhibit 
the  characteristic  twinning  of  the  triclinic  system. 

There  are  several  large  micas  in  this  slice  of  greenish  colour  in  transmitted 
light,  but  they  are  much  corroded  and  eaten  into.  The  principal  part  of  the  mica 
present  in  the  slice,  however,  exists  rather  in  the  form  of  micaceous  matter  than 
in  well-shaped  leaves  or  crystals,  and  is  dappled  over  the  ground  mass  in  finely 
granular  masses  which  exhibit  no  definite  shape  under  the  microscope,  and  only 
show  dichroism,  here  and  there,  when  in  thicker  masses  than  usual. 

Gas  inclusions  are  extremely  numerous  in  the  quartz.  Liquid  cavities  with 
movable  bubbles  are  less  abundant  than  in  the  other  slices  of  the  quartz  porphyry 
(Nos.  9—14),  and  they  are  of  smaller  size. 

The  slice  is  stained,  here  and  there,  red  and  yellow  with  ferrite,  and  contains 
a  few  small  grains  of  magnetite  or  ilmenite. 

The  porphyritic  quartz  crystals  are  to  some  extent  corroded,  but  on  the  whole 
they  exhibit  sharply  defined  crystallographic  forms. 

MM.  Fouque  and  Michel-L^vy  in  their  MinSralogie  Micrographtque  give 
expression  to  the  view  that  the  porphyritic  crystals  of  quartz  in  quartz  porphyry 
belong  to  the  first  epoch  of  consolidation ;  the  partial  rounding  of  the  porphyritic 
crystals  and  the  inclusion  of  portions  of  the  ground  mass  by  the  quartz  they 
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attribute  to  tlie  corrosion  of  the  crystals  due  to  mechanical  and  chemical 
action.^ 

A  stndy  of  the  rocks  described  in  this  paper  has  convinced  me  of  tihe  sonnd- 
ness  of  this  view,  and  has  satisfied  me  that  the  inclusions  of  the  ground  mass  visible 
in  the  quartz  crystals,  in  the  specimens  now  described,  are  due  to  corrosian,  or 
partial  remelting,  and  not  to  imperfect  crystallization  consequent  on  rapid  cooling. 

The  matrix  of  the  hand  specimen  taken  from  the  thin  tongue  protruded  into 
the  adjacent  rocks  is  perfectly  compact,  even  when  viewed  with  a  powerful  pocket 
lens,  whereas  that  taken  from  the  body  of  the  dyke  appears,  under  the  same  lens, 
to  be  micro-granitic  rather  than  compact^ — a  difEeronce  attributable,  I  presume, 
to  the  fact  that  the  thin  tongue  cooled  more  rapidly  than  the  main  dyke.  If  the 
porphyritic  crystals  were  formed  after  the  intrusion  of  the  quartz  porphyry,  one 
would  expect  to  see  a  marked  difference  between  those  in  the  tongue  and  those 
in  the  main  dyke,  corresponding  to  the  difEerence  observable  in  the  matrix  of  the 
specimens  from  the  two  localities.  One  would,  also,  expect  to  see  inclusions  of 
the  ground  mass  more  common,  and  crystallographic  outlines  less  frequent  in  the 
former  than  in  the  latter.  No  such  difEerence  however  is  to  be  discerned.  Sharp 
well-defined  crystallographic  outlines  are  not  rare  in  the  quartz  of  the  specimen 
from  the  tongue ;  whilst  the  crystals  in  the  main  dyke  are  quite  as  much  corroded 
as  any  in  the  tongue. 

Figs.  8  and  10  of  the  plate  attached  to  this  paper  may  be  usefully  compared 
with  fig.  43,  p.  189  of  MM.  Fouqde  and  Michel-Levy's  work  above  quoted. 

Felsites — Tushdm, 

Ten  thin  slices  taken  from  five  hand  specimens  have  been  examined.  The 
specific  gravity  of  the  latter  ranges  as  follows :; — 

No.  16 .  2-72 

„    18 2-76 

„    20 2-68 

,22 2(>3 

«    24 277 

The  specific  gravity  of  No,  24  is  rather  high,  owing  to  the  large  amount  of 
magnetite  present  in  the  rock. 

The  mean  specific  gravity  of  these  five  specimens  is  2*71.  The  specific 
gravity  of  felsites  according  to  J.  D.  Dana  (Manual  of  Geology)  ranges  from 
2*6  to  2*7  and  according  to  B.  von  Cotta  (Bocks  Classified  and  Described)  from 
2*5  to  2*7 ;  that  of  the  specimens  described  in  the  following  pages,  therefore, 
agrees  well  with  the  above  authorities. 

Nos.  16  and  17. — A  compact  rock  of  dull  brownish-red  colour  mottled  with 
dark  grey.  With  the  aid  of  a  lens,  grains  of  free  quartz  are  seen  to  be  freely 
sprinkled  about  in  the  matrix.  Some  mica  and  minute  specks  of  iron  are  also  to 
be  seen. 

M. — The  ground  mass  is  micro-felsitic.  Between  crossed  nicols  the  particles 
which  show  colour  do  not  exhibit  any  tendency  to  that  parallelism  of  arrange- 

'  See  also  Professor  Judd's  and  Mr  Cole's  remarks  in  tlicir  paper  on  Basalt-glass.  Q.  J.  G.  S^ 
XXXIX,  p.  459. 
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meuts  which  is  ^  characteristic  of  slates^  The  matrix  is,  as  is  often  seen  in 
quartz  porphyries,  blotchy  in  appearance,  and  is  not  of  that  uniform  structure 
generally  observed  in  slaty  rocks. 

In  ordinary  transmitted  light  the  ground  mass  appears  to  be  formed  of  two 
magmas  imperfectly  blended  together,  which  difEer  from  each  other  sufficiently 
in  colour  to  render  the  fluxion  structure  of  the  rock  visible.  The  comparatively 
colourless  magma  appears  to  contain  more  quartz  than  the  buff  coloured  f els- 
pathic  magma. 

In  my  paper  on  the  gneissose  granites  of  the  North- West  Himalayas,  I  noted 
an  instance  of  grains  of  magnetite  being  inyolved  in  strings  of  red  ferrite  in  a 
way  to  exhibit  fluxion^     (See  fig.  14,  Becords,  XYII,  p.  72.) 

In  this  slice  a  very  similar  instance  occurs  which  I  have  sketched  at  fig.  9. 
The  red  ferrite  has  evidently  been  derived  from  the  magnetite,  and  then,  in  the 
way  suggested  in  my  last  quoted  paper,  the  ferrite  and  the  magnetite  have  been 
drawn  out  into  strings  during  the  subsequent  motion  of  the  mass.  The  ferrite 
has  not,  in  this  case,  been  formed  in  situ  by  the  action  of  water  flowing  past  the 
strings  of  magnetite.  Fig.  9  should  be  compared  with  the  description  given 
in  the  paper  referred  to. 

The  slices  contained  a  considerable  amount  of  magnetite  «nd  a  little  hsBmatite 
or  gdthite. 

There  are  no  porphyritic  crystals  of  felspar,  but  crystals  of  quartz  are  numer- 
ous. They  are  in  part  reunded  and  corroded,  though  several  of  them  present 
very  perfect  crystallographic  outlines.  The  quartz  contains  numerous  liquid 
cavities  with  movable  bubbles  and  gas  inclusions. 

Thin  rounded  microliths  are  abundant,  here  and  there,  in  the  ground  mass ; 
they  are  either  colourless,  or  of  very  pale  green  colour,  and  exhibit  no  dichroism, 
their  optical  properties  being  overpowered  by  the  matrix  in  which  they  are  im- 
bedded. At  times  they  radiate  from  a  centre  in  a  way  that  reminds  one  forcibly 
of  the  augite  microliths  of  the  pitchstone  of  Arran. 

Nos.  18  and  19.— -A  dark  grey  compact  rock  with  minute  blebs  of  quartz 
visible  hero  and  there  in  it. 

M.— The  ground  mass  is  micro-f elsitic,  and  faint  traces  of  fluxion  structure  may 
be  made  out  in  it»  Porphyritic  crystals  of  quartz  are  numerous.  Some  of  them 
exhibit  very  perfect  crystallographic  outlines,  but  others  are  rounded  and  corroded* 
A  few  are  in  the  form  of  prisms  with  pyramidal  terminations. 

The  slice  contains  one  or  two  fragments  of  schorl.  What  appear  from  their 
colour  to  have  been  crystals  of  hornblende  are  replaced  by  delessite  or  an  allied 
mineral,  quartz^  and  a  little  ferrite.  The  delessite  is  also  dappled  about  over 
the  slice. 

A  little  magnetite  is  present,  but  it  has  for  the  most  part  been  converted  into 
red  ferrite.    There  are  one  or  two  leaves  of  mica. 

The  quartz  contains  air  inclusions  and  liquid  cavities  with  movable  and  fixed 
bubbles. 

Nos.  20  and  21. — A  light  grey  compact  rock  with  minute  facets  of  quartz 
visible  here  and  there  in  it.  With  a  lens,  some  of  these  quartz  ciystals  are 
seen  to  have  very  perfect  forms,  whilst  others  are  rounded.    Little  cavities  have 
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been  created,  here  and  there,  by  the  deoomposition  knd  removal  of  die  iron.    The 
specimen  yeiy  mnch  resembles  an  acid  lava  in  appearance. 

M. — In  general  characteristics  these  slices  are  like  those  last  described,  except 
that  they  neither  contain  schorl  nor  delessite  psendomorphs ;  all  trace  of  flnzion 
structure  is  also  wanting.  Some  of  the  porphyritic  crystals  of  quarte  in  these 
slices  are  very  remarkable  objects ;  instead  of  being  clear  single  crystals,  like  those 
in  the  other  slices,  they  contain  strings  of  muscovite  microliths,  and  are  com- 
pounded of  countless  granules  of  quartz.  This  is  all  the  more  remarkable  as  the 
exterior  crystallographio  outline  of  these  crystab  is,  in  some  cases,  very  sharply 
defined.  In  the  field  of  the  microscope  these  compound  crystals  have  a  striking 
resemblance  to  the  quartz  of  such  granites  as  the  gneissose  granites  of  the  Noith- 
West  Himalayas,  in  which  the  quartz  exhibits  a  polysynthetio  structure,  and  in 
which  muBCOvite  microliths  are  often  abundant.  The  presence  of  compound  crys- 
tal of  this  character  is  not  inconsistent  with,  but  is,  on  the  contrary,  explained 
by  the  theory  that  they  belong  to  the  first  epoch  of  consolidation,  for  it  la  open  to 
us  to  suppose  that  after  the  rock  began  to  consolidate  as  granite  it  was  put  in 
motion  and  partially  remelted. 

Magnetite,  converted  in  part  into  red  f errite  in  situ,  is  abundant  in  these  slices, 
and  numerous  specks  of  it  are  present  in  the  compound  quarts  orystals  above 
described. 

Liquid  cavities  with  movable  bubbles  are  plentiful  in  the  quarts.  In  one  liquid 
cavity  I  observed  an  inner  liquid  globule  containing  a  violently  active  bubble. 
The  liquid  globule  is  probably  carbon  dioxide. 

Nos.  22  and  23. — A  dark  grey  compact  rock,  with  minute  blebs  of  quarts 
visible  here  and  there.  It  weathers  to  a  light  brown  the  weathered  portion 
forming  a  sort  of  rind  more  than  a  quarter  of  an  inch  thick.  This  is  probably 
the  rock  called  basalt  in  the  ArchsBological  Report  (foot-note,  ante). 

M. — The  ground  mass  is  micro-felsitic,  and  the  porphyritic  crystals  consist 
of  quartz  and  felspar.  Both  plagioclase  and  orthoclase  are  present,  but  the  crys- 
tals are  not  all  fresh,  many  of  the  larger  ones  having  been  converted  in  part 
into  a  chloritic  mineral.  There  are  also  some  crystals  which  appear  to  be  psendo- 
morphs after  hornblende,  the  latter  mineral  having  been  wholly  converted  into 
viridite.  The  quartz  crystals  are,  as  usual,  in  part  rounded  and  corroded ;  the 
other  portions  exhibiting  sharp  crystallographio  outlines.  A  sketch  of  one  of 
these  crystab,  taken  from  this  slice,  is  given  at  fig.  8.  This  quartz  was  appa- 
rently at  one  time  a  prism  with  pyramidal  terminations  at  both  ends.  The  lower 
pyramid  has  been  wholly  eaten  away,  the  top  pyramid  has  lost  its  apex,  and  one 
side  of  the  prism  has  been  deeply  corroded.  The  dotted  lines  in  the  sketch  indi- 
cate the  portions  that  have  been  removed. 

Nos.  24  and  25. — A  compact  rock  with  minute  blebs  of  quartz  visible  hero 
and  there.     It  has  a  mottled  appearance. 

M.— The  ground  mass  is,  as  in  the  case  of  the  other  specimens,  micro-felsitic. 
Fluxion  structure  is  to  be  traced,  but  it  is  not  marked. 

Magnetite  is  very  abundant  in  the  slice,  being  present  in  well-shaped  cubes 
and  octahedrons.  Many  of  these  have  been  peroxidised  into  ferrite  of  a  brilliant 
red  colour  without  the  loss  of  their  characteristic  crystallographio  outlines.     The 
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magnetite  and  ferrite  give  eTidenoe,  in  the  way  they  are  grouped  and  arranged^  of 
the  flow  of  the  gronnd  mass. 

These  slices  contain  some  leaves  of  a  colonrless  mica,  apparently  mnscovite, 
and  a  fragment  of  an  altered  mineral  resembling  hornblende. 

Qnartz  is  the  only  porphyritic  mineral  in  this  sHce*  It  contains  very  numer- 
ons  liquid  cavities  with  bubbles  and  some  gas  cavities ;  also  fine  hair-hke  coloor- 
less  b^nites  similar  to  those  so  often  seen  in  the  quartz  of  granite. 

TwhAm  granite, 

No.  26. — ^A  coarse-grained  rock  extremely  rich  in  schorl  and  in  muscovite. 

M. — Owing  to  the  friable  character  of  the  rock,  only  a  thick  slice  could  be 
obtained,  so  thick  that  the  felspar  and  schorl  are  quite  opaque.  The  felspar  ia 
stained  red  and  yellow  with  f  errite. 

The  quartz  and  felspar  are  very  much  intergrown,  and  some  of  the  smaller 
crystals  of  the  former  exhibit  hexagonal  outlines,  showing  that  they  belong  to  the 
first  epoch  of  consolidation,  and  that  the  granite  exhibits  a  transitional  stage 
between  a  normal  granite  and  a  quartz  porphyry. 

The  quartz  contains  gas  and  liquid  cavities. 

No.  27. — This  specimen  generally  resembles  No.  26,  but  a  black  mica  is  sub- 
stituted for  muscovite.  It  is  present  in  considerable  abundance,  but  in  small 
packets.  Schorl  is  absent.  This  rock  which  comes  from  a  difiEerent  part  of  the 
hill  to  No.  26  is  so  friable  that  only  a  very  thick  slice  could  be  made.  It  is  so 
thick  that  no  observations  worth  noting  could  be  obtained  under  the  micro- 
scope. 

Hilla  near  Tushdm. 

No.  28, — A  fine-grained  granite  composed  of  felspar,  quartz,  and  black  mica. 

M. — The  felspar  is  of  two,  if  not  three  kinds :  plagioclase  and  orthoclase  are 
both  present,  whilst  the  foliated  mineral,  described  in  detail  further  on,  and  which 
I  regard  as  microcline,  is  abundant. 

Quartz  of  both  the  first  and  second  epoch  of  consolidation  is  present ;  the 
former  is  in  polyhedric  grains  mixed  up  with  or  enclosed  in  other  minerals.  One 
caught  up  in  felspar  is  a  perfect  prism  with  pyramidal  terminations  at  both  ends ; 
whilst  many  otheps  give  more  or  less  perfect  six-sided  sections.  The  quarts  of 
the  second  epoch  of  consolidation  is  in  large  grains  moulded  on  the  other  minerals. 
Globules,  or  rounded  disks  of  quartz,  are  abundantly  scattered  through  the  ground 
mass.  These  disks  are  very  characteristic  of  these  rooks  and  of  the  Tni^nalr  and 
Deosir  granitoid  quartz  porphyries,  to  be  described  in  the  following  pages.  Some- 
times they  are  seen  to  be  merely  thin  disks  without  any  tangible  thickness ;  for 
they  are  seen  to  overlap  each  other,  as  in  the  south-east  enclosure  of  fig.  5,  or  to 
lie  one  upon  the  other,  as  in  the  south-west  enclosure  of  fig.  5,  presenting  in  the 
latter  case  the  appearance  of  an  inclusion  within  an  inclusion.  Fig.  5,  alluded  to 
above,  is  a  grain  of  quartz  in  this  slice  containing  globulites,  magnified  250  dia« 
meters. 

Grains  of  quartz  are  often  stuffed  with  these  disks,  as  represented  at  figs.  7 
and  15,  both  of  which  are  taken  from  slices  Nos.  28  and  .29.  The  f eLntic  ground 
mass  contains  multitudes  of  them,  and  some,  if  not  all,  must  belong  to  the  second 
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epocli  of  consolidation,  for  they  frequently  dwindle  rapidly  in  size  as  they 
approach  the  edge  of  porphyritic  crystals  of  felspar.  Fig.  6  is  given  to  illustrate 
this  tendency.  The  sketch  represents  a  portion  of  the  felsitic  ground  mass,  the 
lower  or  southern  margin  of  which  abnts  on  a  large  felspar  crystal  which  apx)eaT8 
to  have  exercised  an  influence  on  the  formation  of  the  globular  disks  comparable 
with  that  of  stratified  rocks  on  sheets  of  basalt  intruded  into  them ;  a  dwindling 
in  the  size  of  the  basaltic  crystals  being  frequently  observed  towards  the  edges  of 
intruded  sheets. 

That  the  globular  disks,  however,  were  not  the  last  mineral  to  crystallize  is 
clear,  for  masses  of  them  are  sometimes  included  in  felspar  crystals  and  are 
arranged  in  lines  which  conform  rigidly  to  the  crystallographic  form  of  the 
felspar. 

The  mica  appears  to  be  biotite,  and  some  magnetite  is  associated  with  it. 
Gas  cavities  predominate  over  liquid  cavities,  but  the  latter  are  also  present 
in  some  abundance.    Many  of  the  cavities  are  in  polyhedrio  forms.    At  fig.  1 
1  have  depicted  one  of  imperfect  hexagonal  shape  containing  a  cube  of  sodium 
chloride  and  a  movable  bubble. 

Some  of  the  quartz  contains  hair-like  microliths  of  schorl. 
This  specimen  approximates  to  a  true  granite. 

No.  29. — A  pinkish  fine-giained  granite.  The  pinkish  colour  is  due  to  the 
rosy  tint  of  much  of  the  quartz.  Some  of  the  felspar  is  of  dull  greenish  colour. 
Black  mica  is  abundant. 

M. — This  appears  to  be  a  transitional  form  between  a  normal  granite  and  a 
granite-porphyry. 

The  magma  is  composed  of  an  extremely  fine-grained  mixture  of  quartz  and 
felspar.  The  quartz  is,  for  the  most  part,  in  rounded  globules,  which  vary 
greatly  in  size,  some  being  mere  dots,  whilst  some  here  and  there,  especially 
when  crowded  closely  together,  present  imperfect  hexagonal  outlines.  They 
remind  me  much  of  the  fish-roe  grains  of  the  Dalhousie  gneissose' granite. 

In  the  ground  mass,  large  crystalline  fragments  of  felspar,  quartz  and  leaves 
of  dark  mica,  resembling  biotite,  are  imbedded. 

The  mica  was  evidently  formed  after  the  micro-ciystals  of  quartz ;  for  it 
encloses  granules  of  that  mineral  and  it  is  moulded  upon  other  grains  of  quartz 
some  of  which  present  hexagonal  outlines. 

Orthoclase,  plagioclase,  and  microcline  are  present ;  the  latter,  which  is  typi- 
cally developed,  is  abundant.  It  occurs  both  as  a  component  of  the  ground  mass 
and  in  large  crystals.  None  of  the  felspar  presents  external  crystallographic  out- 
lines. 

Bounded  and  hexagonal  grains  of  quartz  of  moderate  size,  which  form  a  por. 
tion  of  the  magma,  and  crystals  of  felspar,  are  stufEed  with  minute  rounded 
globules  or  disks  of  quartz,  like  eggs  in  the  roe  of  a  fish;  whilst  some  of  these 
globules  of  zoicroscopic  proportions  themselves  contain  other  globules  still  more 
minute. 

Some  of  the  quartz  grains  contain  tabular  inclusions  of  red  ferrite,  probably 
hffimatite,  and  to  its  presence  I  attribute  the  rosy  tints  of  some  of  the  quartz  gndns 
when  viewed  macroscopically. 


PART  8.]     McMahon  :  Microscopic  Stracture  of  some  Arv£li  Bocks.      IIS 

One  of  tbe  grains  contains  hair-like  microliths  that  may  he  mtile. 

Liquid  cavities  are  nmnerons  in  some  of  the  large  quartz  grannies,  whilst  gas 
cavities  are  abundant  in  all.  Some  of  the  cavities  contain  a  fixed  bubble  and 
deposited  mineral  matter  of  various  kinds. 

One  of  the  felspars  contains  a  leaf  of  muscovite. 

The  Khanak  hills  3  miles  north-west  from  Tushdm, 

No.  30. — A.  fine-grained  granite  of  whitish  colour  speckled  with  black.  Black 
mica  is  abundant. 

M. — Triclinic  felspar  crystals  are  numerous,  and  equal,  or  nearly  equal,  in 
number  those  of  orthoclase.  Microcline  is  not  present.  The  quartz  belongs  to 
two  epochs  of  formation.  Moderately  sized  grains,  many  of  which  exhibit  six- 
sided  figures,  and  some  of  which  are  enclosed  in  felspar,  are  present,  and  also 
large  pieces  of  quartz  moulded  on  the  other  minerals. 

The  slice  contains  numerous  small  garnets,  and  some  apatite.  The  quartz 
abounds  in  liquid  cavities  with  movable  bubbles,  gas  cavities  and  liquid  cavities 
with  gas  bubbles.  One  enclosure  is  a  very  interesting  one  ;  it  contains  an  abraded 
cube,  apparently  of  sodium  chloride,  a  globule  of  liquid  containing  an  inner 
bubble,  and  other  inclusions.  The  liquid  globule  seems  to  be  carbon  dioxide. 
Another  enclosure  contains  a  bubble  and  three  crystals  ;  whilst  a  third  contains 
two  bubbles,  one  a  large  gas  one,  and  the  other  a  small  one  of  normal  type. 

Hair-like  belonites  are  present  in  the  quartz  and  microliths  containing  gas  and 
other  cavities. 

The  slice  contains  a  good  deal  of  magnetite  or  ilmenite  for  the  most  part  asso- 
ciated with  the  dark  mica. 

No.  31.  Sp.  G.  2*62.— A  dark  grey  coloured  rock,  in  which  crystals  of  fel- 
spar, quartz  and  black  mica  are  thickly  imbedded  in  a  grey  compact  matrix. 

M. — ^The  ground  mass  is  micro-felsitic  and  shows  some  feeble  traces  of  fluxion 
structure.  It  contains  orthoclase,  plagioclase,  and  quartz  porphyritically  im- 
bedded in  it.  The  quartz  is  rounded  and  corroded  as  in  quartz  felsites.  The 
slice  contains  numerous  garnets. 

Mica,  brownish  green  in  transmitted  light,  is  very  abundant.  The  leaves  are 
grouped  together,  and  some  of  them  are  well  foliated. 

This  sHce,  Nos.  28  and  29,  and  the  other  specimens  about  to  be  described, 
contain  a  mineral  regarding  which  I  have  felt  considerable  doubt.  It  is  either 
colourless  or  has  the  faintest  possible  brownish  yellow  tint  in  transmitted  light. 
It  exhibits  no  dichroism  and  polarises  in  brilliant  colours  more  suggestive  of 
pyroxene  than  microcline.  It  presents  a  very  finely  foliated  appearance,  perfectly 
straight  and  parallel  lines  traverse  it,  and  are  so  crowded  together  that  about  200 
of  them  may  be  counted  in  a  single  piece.  Coarser  but  interrupted  cleavage 
lines,  in  some  specimens,  cross  these  at  an  angle  of  about  82^.  The  negative  axis 
is  at  a  high  angle  (from  80^  to  90°J  from  the  fine  lines.  The  mineral  is  super- 
ficially corroded  here  and  there,  after  the  manner  of  felspars,  and  the  corrosions 
exhibit  a  strong  tendency  to  run  with  the  fine  lines. 

None  of  the  pieces  possess  crystallographic  outlines  sufficiently  definite  or 
characteristic  to  help  one  to  determine  the  nature  of  the  mioeral. 
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Between  crosaed  nioola  the  miiieral  generaUj  presents  an  nnbrokeB  sheet  of 
colour,  but  occasionally  the  fine  parallel  striaa  exhibit  colourless  streaks  between 
the  lines  of  colour,  but  this  is  apparently  the  optical  efEect  produced  by  the  deay- 
age  planes  on  the  transmitted  polarised  light,  and  is  unlike  the  appearance  pro- 
duced by  the  multiple  twinning  of  tridinic  felspars.  Moreover,  in  the  case  of  tri- 
dinic  felspars,  the  negative  axis  is  at  a  comparative  low  angle  to  the  twinning  planes. 

Pyroxene  is  sometimes  found  in  granitic  rocks  (J.  D.  Dana's  Maunal,  p.  219) 
and  diallage  has  been  observed  in  some  granulites  composed  of  diallage,  triclinio 
felspar,  quartz,  garnet,  and  biotite  (Gteikie's  Text-Book  of  G^Iogy,  page  125). 
Viewed  macroscopically,  however,  I  can  discover  nothing  in  the  hand  specimens 
suggestive  of  pyroxene, — ^what  is  not  quartz  appears  to  be  felspar. 

In  my  paper  ''  On  the  Microscopic  Structure  of  some  Dalhousie  rocks  **  (Re- 
cords, XVI,  p.  131),  I  noted  the  occurrence  of  a  fibrous  felspar  in  those  rocks, 
and  quoted  from  Zirkel's  Microscopical  Petrology  of  the  40th  Parallel  a  notice  of 
a  similar  felspar  which  occurs  in  the  American  rocks. 

The  mineral  now  described  differs  from  the  Dalhousie  one  in  that  the  fiine 
parallel  lines  in  the  ArvfiH  mineral  look  less  like  fibres  than  cleavage  planes ;  bat 
still  I  think,  on  the  whole,  that  the  mineral  before  me  can  only  be  a  variety  of 
microcline. 

The  slice  contains  magnetite  or  ilmenite.  A  microlith,  apparently  of  quartz, 
contains  a  liquid  caviiy,  with  a  movable  bubble. 

The  quartz  contains  the  usual  liquid  cavities. 

The  microscopic  examination  of  this  slice  shows  that  the  rock  is  a  quartz 
porphyry  approaching  to  a  granite  porphyry. 

No.  32. — This  specimen  closely  resembles  the  last,  but  the  amorphous  paste  is, 
perhaps,  less  abundant. 

M. — Under  the  microscope  this  rock  presents*  much  the  same  appearance  as 
the  last.  The  porphyritic  crystals  of  quartz  and  felspar  are  rounded  and  cor- 
roded, and  contain  inclusions  of  the  ground  mass.  The  fibrous  felspar  (micro- 
cline)  is  abundant.  Flakes  of  mica  are  scattered  through  the  ground  mass  in 
gpreat  numbers. 

Nigdna  hillSf  7  milee  south  from  Tuehdm, 

Nos«  33-38.— A  pinkish  rock  closely  resembling  a  granite.  The  fekpathio- 
ground  mass  is  in  this  specimen  at  its  minimum. 

M, — These  slices  present  the  general  characteristics  of  the  Khfaaak  rocks.  Li- 
quid cavities  containing  vacuum  and  gas  bubbles  are  abundant.  Some  of  the  cavi- 
ties are  of  hexagonal  shape.  A  great  nxany  of  them  contain  deposited  minerak 
as  well  as  bubbles.  One,  containing  three  cubes  and  a  bubble,  is  depicted  at 
fig.  2.     I  also  observed  a  microlith  containing  a  stone  enclosure. 

MicroHths,  probably  of  schorl,  are  abundant  in  the  quartz. 

As  in  the  other  Kh&nak  specimens,  globules  of  quartz,  some  of  which  are  of 
imperfect  hexagonal  form,  are  abundant. 

DeosvTj  an  isolated  hilly  ahovt  4  miles  south-wed  from  Bhiwdni 
Nos.  39-41. — A  fine-grained  granite  of  grey  colour  composed  of  quartz,  fels- 
par, and  black  mica.    Viewed  macroscopically  this  appears  to  be  a  perfect  granite.^ 
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M.— Under  the  xniorosoope,  this  rock  is  seen  to  possess  a  mioro-crysialline 
(ground  mass,  in  whioh  large  crystals  of  felspar,  quarfce,  and  biotite  (?)  are  imbedded. 
The  gpponnd  mass  consists  of  a  felspathic  base  in  which  myriads  of  quartz  globn- 
lites  are  scattered  about.  Most  of  them  present  more  or  less  rounded  outlines, 
bat  some  are  roughly  hexagonal  or  four-sided  ^  shape.  ^ 

There  are  some  micro-gamets,  and  a  little  schorl,  blue  in  transmitted  light, 
is  seen  in  one  of  the  slices. 

Porphyritic  crystals  are  present  which  exhibit  crystallographic  outlines  in 
part,  whilst  other  portions  of  them  are  rounded,  and  contain  inclusions  of  the 
ground  mass. 

Plagioclase  and  orthoclase  are  both  present.  The  latter  is  very  glassy  and 
is  undistinguishable  from  sanidine. 

Liquid  cavities  with  bubbles  are  very  numerous  in  the  quarte,  and  many  of 
ihem  contain  deposits  of  sodium  chloride  or  other  cubic  salt.  One  containing  a 
cube  of  the  latter  also  contains  a  red  liquid  globule  with  an  inner  bubble.  In 
some,  as  in  the  case  depicted  at  fig.  3,  the  crystalline  deposit  nearly  fills  the 
whole  cavity.  In  another  case,  see  fig.  4,  gas  and  a  crystalline  deposit  are  in- 
cluded in  the  same  cavity.  These  examples  appear  to  indicate  conditions  of  in- 
tense heat  and  great  consequent  solvent  capacity  in  the  liquid  and  gas.  Some  of 
the  cavities  are  of  rough  hexagonal  shape. 

The  ground  mass  contains  numerous  dots  of  opacite.  Fine  hair-like  micro- 
liths  are  common  in  some  of  the  quartz. 

Hissar  City  Wall, 

Nos,  42-43. — The  wall  of  the  town  of  Hissar  is  built  of  blocks  of  rock  from 
the  neighbouring  hills  of  Khijuak  or  Nigdna.  The  thin  slices  examined  do  not 
dilEer  from  those  described  in  the  preceding  pages. 

ConeUtsion. 

When  I  commenced  the  microscopical  examination  of  the  rocks  described  in 
the  preceding  pages,  I  though  it  probable  that  some  affinity  would  be  detected 
between  the  Dosi  syenitic  granitoid  gneiss  and  the  granitoid  rocks  of  Nigdna^ 
Khinak,  and  Deosir,  but  they  proved  to  be  altogether  different. 

In  the  Dosi  rock  hornblende  is  a  prominent  feature,  whereas  in  the  rocks 
with  which  it  has  been  compared,  there  is  scarcely  a  trace  of  that  mineral. 

The  Dosi  rock,  moreover,  is  of  granitic  structure,  whereas  the  Kh&nak  rock, 
and  its  allies  are  quartz  porphyries  more  or  less  approximating  to,  but  never  be- 
coming, true  granites. 

In  point  of  age  there  is  probably  a  wide  gulf  between  them.  What  the  pre- 
cise geological  age  of  the  Khdnak  group .  may  be,  it  is  impossible  to  determine 
from  the  examination  of  the  Tush^  region  alone,  as  the  EZhdnak  rocks  and 
their  allies  form  isolated  hills — small  islands  as  it  were — rising  from  a  sea-like 
expanse  of  poet-tertiary  sandy  soil,  the  long  swelling  waves  of  which,  formed  into 
a  series  of  crests  and  troughs  by  the  prevailing  westerly  winds,  break  like  the 
eweU  of  the  ocean  on  their  rocky  shores. 
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Wliethw  the  Dosi  syeniiic  granitoid  gneiss  ia  or  is  not  an  igneous  rock  is  a 
question  which  must  remain  for  the  present  an  open  one.  It  has  its  allies  doubt- 
less further  south,  and  the  question  must  be  decided  in  connection  with  them. 
Certain  it  is  that  the  Dosi  rock  contains  internal  evidence  of  having  been  re- 
duced by  aqueo-igneous  agencies  to  a  fused  condition,  and  it  does  not  differ  in  in- 
ternal structure  from  some  Scotch  eruptive  rocks  with  which  it  has  been  com- 
pared. These  circumstances,  however,  are  not  in  themselves  sufficient  to  deter- 
mine the  question.  The  examination  of  the  Delhi  quartzite^  detailed  in  this 
paper,  shows  that  this  rock  also,  regarding  the  sedimentary  origin  of  which  I 
presume  there  can  be  no  doubt,  was  subjected  to  intense  aqueo-igneoua  heat  and 
reduced  to  a  plastic  condition. 

The  microscopical  examination  of  the  Delhi  quartsite  is  most  instructive^  for 
it  shows  that  whilst  we  have  at  the  one  end  of  the  metamorphic  scalo  such  rocks 
as  the  micaceous  schist  intercalated  with  unaltered  limestones  of  the  carbo* 
triassic  series,  alluded  to  in  my  paper  on  the  gneissose  granites  of  the  North* 
West  Himalayas,  the  metamorphism  of  which  has  evidently  been  brought  about 
by  aqueous  agencies  which  required  little  heat  for  their  accomplishment,  at  the 
other  end  of  the  scale  we  have  very  ancient  rocks  like  the  Delhi  quartzite  which 
have  been  subjected  to  intense  plutonic  heat. 

The  Delhi  quartzite,  moreover,  shows  that  evidence  of  fusion,  taken  alone>  is 
not  sufficient  to  enable  us  to  say  definitely  whether  a  rock  which  exhibits  it  is  an 
eruptive  or  a  metamorphic  rock. 

Evidence  of  fusion,  however,  is  a  point,  the  significance  of  which  can  hardly 
be  over-estimated.  Combined  with  other  evidence  which  would  not  in  itself  be 
conclusive,  it  may  place  the  eruptive  character  of  a  rock  beyond  doubt ;  whilst, 
in  doubtful  cases,  evidence  of  igneous  fusion  would,  I  think,  narrow  the  issue  to 
be  determined  to  the  question  whether  the  rook  under  examination  is  an  igneous 
one  or  a  metamorphic  rock  of  extreme  geological  age. 

Plutonic  heat  sufficient  to  reduce  such  a  rock  as  a  quartzite  to  a  fused  condi^ 
tion  must  have  occurred  at  a  great  depth,  and  a  rock  so  deeply  buried  must  have 
required  ages  to  come  to  the  surface.  Hence  evidence  of  igneous  fusion  in  a 
metamorphic  rock  affords  a  strong  presumption  of  great  geological  age. 

The  difficulties  which  some  geologists  feel  in  believing  in  the  existence  of  other 
than  archsBan  metamorphic  rocks  may  possibly  arise,  it  seems  to  me,  from  not 
sufficiently  discriminating  between  plutonic  metamorphism,  like  that  exhibited  by 
the  Delhi  quartzite,  and  the  hypo-metamorphism  of  such  rocks  as  the  carbo- 
triassic  mica  schist,  previously  alluded  to,  which  may  be  produced  by  aqueous 
agencies  near  the  surface,  without  much  heat,  and  which  does  not  connote 
archaean  age. 

But  to  return  to  the  ArvAli  rocks.  Whilst  I  do  not  consider  it  desirable,  for 
the  reasons  given  above,  to  pronounce  a  definite  opinion  regarding  the  Dosi 
syenitic  granitoid  gneiss,  on  the  other  hand  the  microscopic  examination  of  the 
Tushdm,  Elhdnak,  and  Deosir  rocks  has  satisfied  me  that  many  of  these,  which 
I  previously  regarded  as  probably  of  nietamorphic  origin,  are  really  eruptive  rocks. 

The  chiastolite  schists  and  the  indurated  clays  on  the  eastern  flank  of  Tush^ 
are  of  course  sedimentary  beds ;  but  the  rocks  which  compose  the  centre  and 
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the  western  flank  of  tlie  liill  prove  to  be  f  elsites  or  micro-quartz-porphyries,  which 
contain  internal  evidence  of  their  eruptive  origin  in  the  shape  of  fluxion  structure 
and  other  structural  peculiarities. 

The  Tusham  rocks  are  penetrated  by  granite  bosses  and  veins  and  by  quartz 
porphyry  dykes  which  are  undoubtedly  intrusive. 

A  little  hill  close  to  Tush^  and  the  hills  of  Kh&nak,  Nigdna,  and  Deosir  are 
evidently  closely  allied  to  the  granite,  the  quartz  porphyry,  and  the  felsites  of 
Tush&m.  Viewed  macroscopically  these  rocks  at  first  sight  look  like  granites, 
but  the  aid  of  a  pocket  lens  enables  one  to  detect  more  or  less  amorphous  paste  in 
nearly  all  of  them.  Under  the  microscope  they  are  seen  to  be  quartz  porphyries, 
which  shade  towards  the  grajiite  porphyries  on  the  one  hand,  and  towards  the 
felsites  on  the  other.  Indeed  the  felsites  of  Tush&m  are  micro-quartz-por- 
phyries. Under  the  microscope  they  are  seen  to  be  of  precisely  the  same  struc- 
ture as  the  Tushilm  quartz  porphyry ;  the  only  difference  being  that  in  the 
former  the  grain  is  of  microscopic  fineness,  and  the  porphyritic  crystals  extremely 
minute;  whilst  in  the  latter,  the  porphyritic  crystals  are  of  large  size,  and  the 
distinction  between  them  and  the  amorphous  ground  mass  is  visible  to  the  un- 
aided eye. 

The  Nigdna,  Kh&nak,  and  Deosir  rocks  are  also  essentially  quartz  porphyries 
in  their  structure,  but  the  porphyritic  crystals  are  in  size  intermediate  between 
those  of  the  quartz  porphyries  and  the  felsites  of  Tushdm.  The  amorphous  paste 
(ground  mass),  however,  is  relatively  small  in  amount,  and  the  resulting  rock 
approximates  in  appearance  to  a  granite.  That  they  are  all  eruptive  rocks,  and 
all  more  or  less  connected  with  each  other,  I  see  no  reason  to  doubt.  Fluxion 
structure,  and  the  presence  of  minerals  of  the  first  and  second  epochs  of  consoli- 
dation, the  former  of  which  have  been  partially  rounded,  corroded,  and  eaten  into, 
as  in  figs.  8  and  10  of  the  plate  attached  to  this  paper,  seem  to  me  to  ofPer  decided 
indications  of  their  eruptive  origin. 


DESCRIPTION  OF  THE  PLATE. 

Fig.  1.— A  liquid  cavity  of  imperfect  hexagonal  form,  containing  a  movable 
bubble  and  a  cube  of  sodium  sulphide.  Granitoid  quartz-porphyry  from  hill 
near  Tushan.     Slice  No.  28. 

Fig.  2. — Liquid  cavity  containing  deposited  minerals  and  a  bubble.  Slices 
33 — 88.     Granitoid. quartz-porphyry.    Nigdna  hills. 

Fig.  3. — Crystalline  deposit  nearly  filling  a  liquid  cavity.  Granitoid  quartz- 
porphyry.     Deosir.     Slices  39—41. 

Fig.  4. — Crystalline  deposit  in  gas  cavity.     Ih. 

Figs.  5,  6,  and  7. — Rounded  granules  and  disks  of  quartz  scattered  throagh 
the  ground  mass  (fig.  5),  and  eiiclosed  in  quartz  grains  (figs.  5  and  7).  Slice 
No.  28.     Granitoid  quartz  porphyry.     Hill  near  Tushdm. 

Fig.  8. — Quartz  crystal  in  part  rounded  and  corroded.  Slices  22  and  23. 
Felsite.     Tushdm. 

Fig.  9. — Grains  of  magnetite  involved  in  a  string  of  red  ferrite.  Slices  16  and 
17.    Felsite.    Tushim. 
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Fig.  10. — Quartz  crystal  partially  rounded  and  corroded.  Slices  9 — 14. 
Quartz  porphyry.     Tusham. 

Fig.  11. — An  air  bubble  attached  to  minerals.     Slices  5 — 7.     Delhi  quartsit^. 

Fig.  12. — Opacite  drawn  towards  and  attached  to  a  microlith,  Ih, 

Fig.  13. — An  opaque  crystal  embraced  by  a  flake  of  mica.     lb. 

Fig.  14. — Liquid  cavity  with  the  bubbles  (right  hand  one  is  movBtble)  and 
a  corroded  crystal  of  sodium  chloride.    Slices  9 — 14.     Quartz  porphyiy.     Tushim. 

Fig.  15. — Rounded  disks  of  quartz  and  dots  of  opacite  enclosed  in  a  quartz 
grain.     Slices  28  and  29.     Granitoid  quartz  porphyry.     Hill  near  Tushim. 

Fig.  16. — Coloured  stone  enclosure  containing  four  fixed  bubbles  in  the  quartz 
of  the  Dosi  syenitic  granitoid  gneiss.     Slices  1 — 4. 

Figs.  17  and  18. — Microliths  containing  shrinkage  cavities.  Opacite  has 
formed  on  that  in  fig.  17.     Slices  6 — 7.     Delhi  quartzite. 

Fig.  19.-— Liquid  cavity  of  hexagonal  shape  containing  a  globule  of  liquid 
carbon  dioxide  and  inner  movable  bubble.     Delhi  quartzite.     lb. 

Figs.  20  and  21.— Microliths  (20  of  quartz  and  21  of  mica)  which  have  caught 
up  micro-crystals  and  opacite.     Delhi  quartzite.     Ih, 

Fig.  22. — Air  or  gas  bubble  surrounded  by  a  ring  of  coloured  mineral  matter. 
Delhi  quartzite.     Ih, 

Fig.  23. — A  liquid  cavity  containing  a  crystal  and  two  bubbles ;  the  right 
hand  one  being  a  movable  gas  bubble.     Dosi  syenitic  g^nitoid  gneiss. 

Fig.  24. — Liquid  cavity  containing  bubble  and  crystal  from  the  quartz  of 
granite  invading  lower  silurian  rocks.     Aberdeen. 

Fig.  25.— Enclosure  containing  gas.     Ih, 

Figs.  26,  27,  28,  and  29. — Micro-crystals  containing  liquid  eavities  and  shrink- 
age cracks  in  the  Aberdeen  granite  referred  to  under  fig.  24. 

Figs.  30,  31,  and  32. — Liquid  cavities  in  the  Dosi  syenitic  granitoid  gneiss  in 
which  crystals  have  been  deposited  on  cooling.    The  cavities  also  contain  bubbles. 

Fig.  33. — A  gas  inclusion  in  a  liquid  cavity.     Ih, 

Fig.  34. — Another  liquid  cavity  in  which  a  crystal  has  been  deposited  on 
cooling.     Ih. 

Fig.  35. — A  liquid  cavity  in  quartz  which  has  taken  the  shape  of  a  quartz 
crystal.     The  enclosed  liquid  contains  a  movable  bubble.     Ih. 


Section  along  the  Indus  from  the  Peshawar  valley  to  the  Satt^range,  by  W.  Waagbv, 

Ph.D.,  F.G.S.1 

Having  just  returned  from  a  little  trip  from  Kdlabdgh  up  the  Lun  Valley  to 
Kohat,  and  from  there  over  the  Kotal  Pass  into  the  Peshawar  valley,  then  back 
over  the  Meer  Kulan,  Pallosi,  and  Sundully  Passes  to  Shadipur  and  down  the 
Indus  to  K^labagh,  I  hasten  to  communicate  to  you  some  of  the  results,  as  far  as 
I  am  able  to  point  them  out  here  in  the  field. 

'  The  figured  section,  with  tho  brief  description  now  published,  was  commnnicated  to  Dr. 
OldhRm  in  the  form  of  a  letter  some  12  yearn  ago,  when  Dr.  Waagen  Vras  attached  to  the  Geological 
Survey  of  ludia.     As  an  accunitc  reproseutation,  so  far  at  the  scale  would  admit,  of  a  moat  inter- 
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One  of  the  most  interesting  parts  of  the  whole  excursion  certainly  wsw  the 
returning  road  down  the  Indus,  as  this  exhibited  an  uninterrupted  section  from 
tlie  oldest  to  the  youngest  formations  of  the  whole  country,  and  it  is  principally  this 
section,  of  which  I  send  you  enclosed  a  drawing,  which  I  intend  to  describe  more 
accurately. 

Starting  from  Julozai  in  the  valley  of  the  Cabul  river,  one  has  to  traverse  first 
a  rather  extensive  plain,  consisting  entirely  of  debris,  mostly  of  a  red  sandstone 
and  marl  mixed  with  fragments  of  black  slate  and  quartzitic  sandstone.     As  soon 
as  one  reaches  the  skirts  of  the  hills  down  in  a  little  ravine,  a  yellowish  limestone 
with  great  masses  of  greenish  flaggy  shales  and  slates  below  crops  out.     The 
slates  continue,  changing  their  colour  slowly  into  black,  and  then  mixed  with 
dark,  extremely  hard  quartzitic  sandstones.     After   about  2  or  3  miles  mai'ch- 
ing,   down   in  a  deep  glen,  suddenly  a  light-coloured  limestone  appears,  as  if 
dipping  under  the  slates,  which  are  exposed  to  an  enormous  extent  on  both 
sides  of  the  glen.     After  a  short  search,  nummulites  were  detected  in  this  lime- 
stone, which  is,  however,  not  more  than  about  10  feet  in  thickness,  being  then 
already  followed  by  red  sandstones  and  shales,  nearly  quite  vertical.     Though 
the  red  colour  prevails  in  these  rocks,  there  are  also  some  thick  pale  green  bands 
in  it,  which,  however,  do  not  influence  the  general  red  aspect  of  tlie  whole  forma- 
tion.    The  thickness  of  this  formation  is  very  great,  though  not  so  much  as  that 
of  the  slates,  and  at  several  horizons  in  it  thin  bands  of  nummulitic  limestone 
are  to  be  met  with.     The  road  winds  then  up  out  of  the  bottom  of  the  ravine, 
and  then  again  nummulitic  limestone  appears,  here  nearly  horizontal,  forming  a 
crest,  end  apparently  lying  regularly  above  the  red  foi-mation.     The  nummulitic, 
however,  is  lost  soon  again,  and  the  red  sandstones  and  shales,  here  locally  almost 
vortical,  are  the  rocks,  over  which  the  path  winds  up  further  on.     Descending 
into  the  glen  on  the  other  side  of  the  pass,  the  red  formation  is  replaced  by  dark 
shales,  in  some  layers  filled  with  the  impressions  of  fossils,  among  them  very 
numerous  impressions  of  nummulites.     They  rest  upon  thick  hard  grey  lime- 
stones, in  which  nummulites  could  not  be  detected,  though  they   may  yet  belong 
to  this  formation.     The  bungalow  lying  on  the  scarp  of  the  glen  is  built  on  these 
limestones.     Below  them  follow  first  again  dark  shales,  then  a  light-coloured 
flaggy  limestone,  contorted  like  the  Flysch  along  the  northern  base  of  the  Alps, 
then  again  shales,  and  then  a  thick  zone  of  white  and  light  grey  quartzites,  rest- 
ing on  a  formation  of  greenish  or  greyish  slaty  shales  of  several  hundred  feet  in 
thickness.     No  trace  of  fossils  could  be  detected  in  all  those  layers.     Below  this, 
grey  limestones  in  thick  banks  are  sticking  out,  but  also  here  fossils  are  extremely 
rare,  and  no  characteristic  species  was  obtainable.     Sections  of  shells  are  visible 
on  the  weathered  surfaces,  and  in  some  places  I  saw  Entrochi  of  a  little  sharp 
angular  Pentacrinite.     Under  these  again  a  thick  mass  of  brownish  coloui'ed  slaty 

citing  sectioD,  it  is  well  worthy  of  record ;  showing  a  continuous  section  of  the  immense  sequence  of 
tertiary  rocks  Ijing  hetweeu  the  Himalayan  elevation  and  the  outlying  remnant^  now  left  in  the 
Salt-range,  of  what  were  prohably  the  ancient  fringing  deposits  of  peninsular  India.  The  inter- 
pretation given  of  some  points  of  the  section  may  perhaps  be  open  to  question,  but  this  scarcely 
iBterferei  with  the  admirable  view  presented  of  the  prodigious  movements  that  have  affected 
this  enormous  accumulation  of  tertiary  strata.  The  t^levatiou  of  the  Pcahawar  plain  at  Attock  if 
only  1,100  feet,  and  that  of  Kalabegh  about  7C0.— U.  B.  M. 
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sliales  18  lyingi  with  lenticnlar  portions  of  a  beautifiil  oolitic  grey  limestone  in  it, 
then,  just  above  the  village  follow  white  lithographic  limestones  without  any 
fossils,  then  again  slaty  shales. 

After  having  crossed  the  valley  of  a  little  river  the  way  again  aacends  to  the 
Pallosi  and  Sundully  Passes,  which  both  in  reality  form  only  one  Pass,  crossing 
the  range  of  mountains  of  which  the  NiliLb  Gash  is  the  highest  point  in  British 
territory.  On  the  north  foot  of  the  hills,  yellow  marly  limestones^  dipping  at  alow 
angle  to  the  north,  and  containing  casts  of  a  large  Lucina  and  some  Ghisteropods 
appear,  then  follow  compact  nummulitic  limestones  in  great  thickness,  dipping 
here  to  the  south,  but  further  on  much  contorted.  In  fact  the  whole  range 
chiefly  consists  of  these  limestones,  and  only  in  the  deeper  cuttings  of  yallejTB  or 
ravines,  older  formations  appear.  So,  looking  down  from  the  height  of  the  Sun- 
dully  Pass,  a  rather  thick  system  of  limestones,  sandstones,  and  shales,  on  the 
whole  of  a  brownish-yellow  aspect,  is  observable.  We  were  prevented  by  rain 
and  the  short  daytime  from  going  down  and  examining  the  beds  closer.  But 
from  fragments  found  before  in  the  river,  and  from  the  beds  observed  by  Mr. 
Wynne  at  another  locality,  it  seems  that  cretaceous  and  Jurassic,  certainly  meso- 
zoic,  deposits  are  here  represented.  On  the  other  side  of  the  valley  nothing  of 
those  formations  is  observable,  but  instead  of  that  a  red  band  runs  along  the 
foot  of  the  steep  scarp  of  the  nummulitic  limestone. 

The  southern  slope  of  the  range  is  very  steep,  and  the  first  descent  is  entirely 
occupied  by  nummulitic  limestone ;  then  there  is  a  sudden  change  in  colour,  and 
the  whole  country  appears  as  if  looked  at  through  a  red  glass.  In  the  beginning 
just  at  the  foot  of  the  hills,  between  the  purplish-red  layers,  a  few  bands  of  yellow 
marly  nummulitics  are  still  observable,  but  they  are  only  few  in  number  and  very 
thin.  Further  on  purplish-red  sandstones  and  marls  compose  exclusively  the 
rocks  along  the  road,  only  sometimes  there  appears  a  greenish  zone ;  the  layers 
are  fearfully  contorted  and  dipping  in  every  direction.  A  short  distance  before 
reaching  Shadipur  the  red  colour  is  lost  again,  thick  soft  gvBj  sandstones  here 
cropping  out,  only  seldom  interrupted  by  a  purplish  marl  band. 

At  Shadipur  I  took  a  boat,  and  during  four  days  going  down  the  river  I 
observed  the  following  section.  At  Shadipur  the  grey  sandstones  appear  along 
the  river  bank,  dipping  to  the  south,  then  the  purpHsh-red  series  comes  in  again 
inexpressibly  contorted,  and  two  or  three  miles  further  down  a  band  of  nummu- 
litic limestone,  with  vertical  bedding,  crosses  the  river.  Behind  this  a  little 
valley,  filled  up  with  xmconformable  conglomerate,  comes  down  to  the  river,  and 
conceals  the  junction  between  the  nummulitics  and  the  next  series,  the  same 
grey  sandstone  with  a  few  purplish  marl  zones,  upon  which  Shadipur  is  built. 
The  layers,  however,  are  here  nearly  all  vertical,  sometimes  inclined  a  little  to  one 
or  the  other  side.  This  again  lasts  for  several  miles,  the  contortions  become  less 
strong  and  so  better  visible  ;  suddenly  thick  marly  layers  of  a  red  colour  appear, 
mixed  with  rather  thin  beds  of  grey  sandstone.  To  mention  all  the  contortions 
of  these  and  all  the  following  layers  is  utterly  impossible,  and  I  can  in  this  respect 
only  refer  to  the  drawing,  which  I  have  made  after  nature,  and  which  may  give  a 
general  idea  of  the  features  of  stratification.  A  comparatively  short  distance 
farther  on,  the  red  marls  and  grey  sandstones  are  checked  by  a  fault  against  a 
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TBiy  extensive  series  of  purplish  marls  with  subordinate  but  often  very  thick 
grey  sandstones,  about  in  the  middle  of  which  Kushialgurh  is  built  on  a  sand- 
stone reef. 

This  purple  series  lasts  yet  for  a  long  distance  below  Kushialgurh,  but  then 
it  finishes  at  a  little  valley  which  comes  down  to  the  river,  on  the  other  side  of 
which  suddenly  red  marls  appear,  dipping  under  a  rather  low  angle  to  the  south. 
The  sandstones  between  these  marls  are  grey,  as  elsewhere  in  the  Indus  section. 
The  colour  of  the  marls,  going  further  down  the  river,  rapidly  changes  into  brick- 
red,  and  near  the  rapid  at  Kasab  the  red  colour  is  most  striking.  A  short  dis- 
tance below  Pres,  the  river  turns  to  west  30°  south  and  runs  for  about  6  miles  in 
a  beautiful  thaunel  nearly  in  the  strike  of  the  beds,  which  is  with  a  very  remark- 
able constancy  from  Shadipur  down  to  Mirzapur  at  the  mouth  of  the  Sohdn  river, 
west  20°  south  —east  20°  north.  The  river  flows  for  a  very  long  way  throqgh 
the  red  series,  only  at  the  short  turn  before  arriving  at  the  last  rapid,  the  colour 
of  the  marls  changes  suddenly  into  orange  and  green,  and  then  follows  a  very 
thick  pale  yellowish -grey  sandstone  in  enormously  thick  beds,  only  rarely  inter- 
rupted by  orange  marls.  In  the  upper  region  the  sandstone  contains  layers  of 
conglomerate,  consisting  of  pebbles  of  beautiful  crystalline,  metamorphic  or 
eruptive  rocks.  The  conglomerate  beds  become  more  and  more  numerous,  and  at 
last  the  rock  changes  into  a  very  extensive  mass  of  conglomerates,  in  which 
limestone  pebbles  are  nearly  entirely  unknown. 

Further  on  the  thick  sandstone,  which  I  shall  call  Dungote  Sandstone,  after 
the  Dungote  Hill,  which  is  entirely  formed  of  it,  comes  out  again,  and  below  it 
the  orange  series,  both  dipping  to  the  north,  then  a  short  span  of  very  contorted 
orange  beds,  and  then  again  the  conglomerates,  faulted  against  the  former. 
The  bedding  now  quickly  changes  to  nearly  horizontal,  about  Makhud.  Below 
Makhud  the  Dungote  sandstone  comes  a  third  time  above  the  level  of  the  river, 
sometimes  containing  a  bed  of  conglomerate,  the  decomposition  of  which  has 
covered  the  whole  country  with  a  rather  thick  sheet  of  perfectly  rounded  pebbles 
of  crystalline  rocks. 

Coming  near  the  mouth  of  the  Sohan  river  in  the  vicinity  of  the  hill  tract  in 
connection  with  the  Salt-range,  the  stratification  of  the  rocks  is  again  disturbed, 
the  layers  are  turned  up,  dipping  to  the  north,  and  the  orange  series  appears 
below  the  Dungote  sandstone  in  a  broad  zone.  A  fault  just  below  Dungote  Hill 
brings  the  sandstone  again  down  to  the  level  of  the  river ;  a  little  further  on,  after 
several  faults,  the  orange  series  forms  the  sides  of  the  cutting  the  river  has  made 
through  the  hills,  down  to  the  Lun  river  valley.  Below  this,  the  rock-salt, 
gypsum,  and  red  marl  of  the  Kdlabdgh  and  Mari  hills  form  the  river  bank.  In 
ie  Kdlabdgh  hill  a  part  of  the  orange  series  lies  unconformable  upon  the  salt 
and  gypsum,  and  above  this  again  unconformably  a  thick  conglomerate,  consist- 
ing  nearly  exclusively  of  calcareous  pebbles.  Kalabagh  itself  stands  upon  highly 
tilted  layers  of  sandstone  with  conglomerates  of  crystalline  pebbles. 

Such  is  in  rough  outline  what  I  have  seen.  The  more  diffictdt  task,  how- 
ever, is  to  arrange  all  the  divisions  I  have  distinguished  into  a  chronological 
scale,  and  to  discuss  their  relations  to  each  other.  I  begin  with  the  undoubtedly 
youngest  of  them :  the 
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(1)  Unconformable  Conglomerate.  This  formation  is  spread  over  the  whole 
Bawal  Pindi  plateau  in  more  or  less  extensive  patches,  and  I  have  marked  it  in 
the  section  at  several  points  :  at  Kalabagh,  below  Res,  below  and  abdve  Koshial- 
gnrh,  and  below  Shadipur.  It  nearly  always  consists  chiefly  of  calcareons  pebbles. 
It  has  partaken  in  the  disturbances  of  the  older  beds,  so  far  as  I  know,  only  at 
K&labagh,  where  it  is  erected  vertically  in  some  places.  Of  about  the  same  age, 
or  a  little  older,  may  be  certain  clayey  sands  of  a  white  or  yellowish  colour,  which 
I  have  marked  below  Kushialgurh. 

Undoubtedly  older  than  No.  1,  but  following  immediately  below  it  in  the 
scale  of  our  section,  is  the 

(2)  Conformable  Conglomerate.  This  formation  shows  the  best  development 
in  the  hills  above  Makhud,  where  it  is  exposed  to  an  enormous  extent  all  along 
the  river.  It  appeal's  again  near  Makhud  itself,  but  nowhere  again  to  the  south 
or  to  the  north.  It  is  chiefly  consisting  of  crystalline  pebbles,  and  is  intimately 
connected  with  the  underlying  sandstone,  is  disturbed  entirely  in  the  same  way 
as  this,  and  actually  passes  down  into 

(3)  Dungote  Sandstone.  A  pale  yellowish-grey  more  or  less  soft  sandstone  of 
about  2,000  feet  in  thickness,  alternating  commonly  with  layers  of  conglomerate 
in  the  upper  and  orange  marl  beds  in  the  lower  part.  A  part  of  the  hills  above 
Makhud  and  the  greater  part  of  the  Dungote  hill  range  is  formed  by  this  sand- 
stone ;  its  most  extensive  development  is,  however,  further  west  from  tha  Indus. 

(4)  Orange  Series.  There  is  a  perfect  transition  from  the  sandstone  above  into 
this  series.  The  principal  rocks  are  grey  sandstones  interstratified  with  partly 
very  thick  beds  of  often  very  bright  orange  and  grey  coloured  marls.  This  series 
is  found  resting  unconformable  upon  the  rock-salt  and  gypsum  at  K&labdgh ;  all 
the  hills  between  the  Dungote  ridge  and  the  Lun  valley  consist  of  it ;  it  appears 
north  of  the  Dungote  hiU,  and  north  and  south  of  the  hill  range  above  Makhud : 
everywhere  in  intimate  connection  with  the  Dungote  sandstone.  The  thickness 
of  this  series  is  only  in  some  parts  considerable. 

(5)  Red  Series.  By  alternation  of  red  with  orange  beds,  the  series  before 
described  passes  into  this.  The  marls  are  here  very  much  prevailing  over  the 
sandstones,  and  of  a  bright  brick-red  colour.  In  our  section  this  series  is  only 
represented  north  of  the  conglomerate  hills  near  Res  and  Eusab,  and  for  a  short 
distance  between  Kushialgurh  and  Shadipur.  At  the  latter  place  it  passes  down 
into  the 

(6)  Grey  Sandstone  Series,  consisting  of  thick  grey  sandstones  with  rare  marl 
beds  of  grey  and  purple  colour.  This  series  occurs  at  Shadipur,  and  to  a  greater 
extent  below  this  village.  Its  relations  to  the  next  bed  are  nowhere  sufliciently 
clear  to  determine  from  a  stratigraphical  point  of  view  the  age  of  this  series,  but 
as  in  the  next  division  already  nummulites  occur,  there  is  no  doubt  that  it  must 
be  older  than  all  the  rocks  as  yet  mentioned,  and  one  can  therefore  safely  suppose 
that  the  grey  sandstone  with  purple  marls  passes  down  into  the 

(7)  Purple  andMurree  Series.  I  put  these  two  series  dotvn  together,  though 
their  appearance  is  not  entirely  identical,  as  both  series  contain  in  small  bands 
nummulitic  limestone.  Their  chief  difference  consists  in  the  sandstones,  which 
are  in  the  former  grey,  in  the  latter  purple.     The  purple  series  as  developed  in 
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tbe  country  round  Kuslualgurh  shows  no  nummuliiic  band ;  but  in  the  direct 
strike  of  the  beds,  in  the  vicinity  of  Goorgoorlot  Sir,  I  collected  a  great  quantity 
of  nummulites  in  them.  The  Murree  series  with  purple  sandstones  is  developed 
north  and  south  of  Shadipur,  and  in  the  centre  of  the  Mir  Kulan  Pass.  The 
stratigraphical  relations  of  this  series  to  the  nummulitic  limestone  are  extremely 
difficult :  its  layers  stand  vertical  at  the  side  of  nummulitic  limestone  south  of 
Shadipur  ;  they  seem  to  dip  under  the  latter  at  Sundully  Pass,  and  lie  above  the 
oldest  nummulitics  on  the  Mir  Kulan  Pass.  That  their  position  is  certainly 
not  below  the  great  mass  of  compact  nummulitic  limestone  is  shown  clearly  by 
the  Pallosi  Pass,  where  the  limestone  lies  immediately  above  the  mesozoics  with- 
out the  Murree  series  between.  It  is  therefore  for  me  no  doubt  that  the  Purple 
and  Murree  series  are  the  youngest  nummulitics  passing  up  without  interruption 
into  younger  tertiary  and  diluvial  deposits. 

(8)  Nummulitic  Limestone.  Developed  to  a  great  extent  in  the  Nilab  Gash 
range,  the  southern  part  of  which  is  pushed  over  the  Murree  series  in  a  very 
similar  manner  as  the  Alpine  limestone  is  pushed  over  the  Flysch  along  the 
northern  foot  of  the  Alps.  The  lowest  division  of  the  nummub'tics  consists  of 
brown  shales,  which  are  exposed  at  the  Mir  Kuldn  Pass.  In  this  latter  range  the 
lower  nummulitic  limestone  (above  the  shales)  does  not  come  into  the  section,  but 
is  well  developed  further  to  the  west. 

(9)  Mesozoic.  The  rocks  and  whole  development  of  these  formations  is  so 
strange  in  this  country,  that  I  must  abolish  for  the  present  any  attempt  to  go  into 
particulars  about  them.  That  those  beds  are  mesozoic  is  not  doubtful,  as  the 
want  of  nummulites  and  the  fragments  of  belemnites  in  fallen  pebbles  in  the 
Pallosi  pass  very  strongly  indicate. 

(10)  Attock  Slates.  As  neither  fossils  are  found,  nor  do  the  stratigraphical  re- 
lations reveal  anything,  I  am  utterly  at  a  loss  as  to  the  determination  of  their  age. 
About  the  age  of  the  last  formation,  the 

(11)  Bock  Salt,  I  shall  report  another  time. 


On  the  selection  of  Sites /or  Borings  in  the  Raigarh-Hingir  Coal-field.  First  notice, 
hy  Will.  King,  B.A„  D.  Sc,  Officiating  Superintendent,  Geological  Survey  of 
India.     (With  a  map.) 

I,— The  Country  and  the  Rocks, 
II. — Division  into  Boring  Areas. 

(a)  The  Lilian  Valley  Tract 

I. — The  country  selected  for  this  exploration  lies  about  22  miles  north-north- 
west of  Sambalpur,  being  partly  in  the  Raigarh  and  five  other  smaller  zemin- 
daries  of  that  district,  and  partly  in  the  Hingir  dependency  of  the  Gtmgpur  tribu- 
tary state  of  Chutia-Nagpar.  Its  geology  and  much  of  its  coal  capabilities  have 
been  already  described^  by  Mr.  V.  Ball  (late  of  the  Geological  Survey)  ;  and  the 
occurrence  of  coal  was  known  ^  to  Captain  Saxton  so  far  back  as  1855. 

>  Rec.,  G.  S.  I.,  IV,  pp.  101.107  (1871);  VIII,  pp.  102-121  (1875);  and  X,  pp.  170-173 
(1877).  Also,  Manual  of  the  Geology  of  India,  Part  I,  Chap.  V,  p.  128;  Chap.  IX,  p.  208  ;  and 
Part  III,  Chap.  II,  p.  89. 

«  A  Statiitical  Account  of  Bengal  (W.  W.  Hunter),  Vol.  XVII,  p.  19a 
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Although  more  than  twelve  years  have  elapsed  since  ICr.  Ball's  first  report 
was  made,  it  is  only  now  that  the  more  practical  development  of  this  field  is  being 
taken  in  hand  owing  to  the  renewed  proposals  for  increased  railway  commnmca- 
tion  between  the  Central  Provinces  and  Calcntta.  It  will  therefore  be  some  satis- 
faction to  this  geologist,  after  his  unpromising  labours  in  such  an  isolated  and 
difficult  tract  as  this  is,  as  also  to  his  predecessors  in  this  field,  to  know  that  this 
line  of  railway  will  traverse  the  Hingir  plateau*  It  is  practically  to  meet  the  re- 
quirements of  this  section  of  the  Bengal  and  Nagpur  Bailway  ^  that  the  present 
boring  reconnaissance  is  being  made. 

In  the  main,  this  region  is  a  low  irregular  plateau  or  upland,  the  sturCooe  of 
which  has  a  general  very  easy  slope  from  north  to  south,  with  a  slight  depression 
or  hollow  in  its  southern  half,  along  which  the  trace  of  the  railway  line  rons.  Ex- 
cept at  a  few  points  such  as  where  the  railway  enters  on  it  from  the  Baigarh  or 
Bilaspur  side  and  leaves  it  in  the  Rajpur  or  lb  river  valley,  the  plateau  is  edged 
on  tkll  sides,  but  that  to  the  north-west  by  a  tolerably  well-marked  escarpment  of 
from  150  to  400  feet  in  height.  There  are  further  flat-topped  hills  in  the  interior 
and  in  the  north  and  eastern  portions  which  attain  an  elevation  of  over  1,500  and 
1,900  feet  above  the  sea.  The  large  village  of  Hingir  is  near  the  centre  of  the 
plateau  at  about  1,200  feet ;  and  the  railway  trace  enters  on  the  western  side  at 
741  feet,  runs  up  to  942  feet  in  the  middle,  and  leaves,  on  the  Rajpur  side,  at  790 
feet  above  datum  (Karachi,  M.  S.  L.),  passing  about  4|  miles  due  south  of 
Hingir,  The  proper  plain  below  the  escarpment  slopes  away  gradually ;  on  the 
south  side,  towards  Sambalpur  ;  on  the  east,  to  the  lb  and  its  tributary  the  Bai- 
sandar;  but  to  the  south-westward,  there  is  at  first  only  an  extremely  nairow  low- 
level  valley,  shut  in  by  a  long  north- west — south-east  ridge  of  crystalline  and  tran- 
sition rocks,  outside  of  which  is  the  proper  low  country  of  Raigarh  and  Bilaspur. 
The  drainage  system  is  included  between  the  Kelo  tributary  of  the  Mahanadi  on 
the  west  and  the  lb  on  the  east ;  the  plateau  itself  being  mainly  watered  by  the 
Kur,  Oira,  and  Bagdia  nalas  on  the  one  side  and  the  Lillari  and  Dulonga  rivers 
on  the  south  and  north-east. 

The  different  rock  formations  are  very  clearly  displayed  in  the  sur&ce  features 
of  the  country.  The  plateau  and  escarpment  are  of  sandstones  and  other  beds 
which  Mr.  Ball  classed  as  *  Upper  Sandstones '  or  *  Hingir  Beds,'  preferring  to 
leave  their  position  in  the  Gondwana  series  rather  an  open  question,  his  tendency 
in  his  latest  notice '  being  to  range  them  in  "  two  distinct  groups,  one  contain- 
ing fossil  plants  which  serve  to  correlate  it  with  the  Eamthi-Raniganj  group,  the 
ot^er  being  probably  of  Mahadeva  ago."  Beneath  these  Upper  Beds  or  Kamthis 
and  forming  the  base  of  the  escarpment,  or  a  low  terrace  at  its  foot  as  well  as  the 
low  country  for  some  distance  out,  all  round  the  plateau  except  to  the  north-west^ 
are  beds  of  the  Barakar  formation,  with  perhaps  two  or  even  more  coal  seams. 
The  thickness  of  the  Barakars  appears  to  range  from  200  feet  at  the  lowest  on  the 

1 1  am  indebted  for  much  of  my  eBtimates  of  thickneBses,  &c.,  of  the  strata  in  this  region  to 
an  Index  map  and  section  of  the  railway  surveys.  The  1-inch  map  of  the  Topographical  Survey  is 
Tery  poor,  full  of  misplacements  of  vilUge  names,  and  occasionally  out  in  the  coarses  of  the  smaller 
rivers. 

3  Manual,  Part  HI,  Chsp.  Ill,  p.  89. 
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SDutH-west  side  of  the  field,  to  000  feet  or  more  on  the  northern  edges.  Beneath 
these  again  tie  the  Talchirs  which  crop  out  at  various  places  in  the  outer  low 
oountiy. 

So  far,  the  definition  or  display  c^  these  tliree-sub^di visions  of  the  lower  Gond- 
wanas  is  perfectly  clear ;  but,  as  with  my  former  colleague,  I  am  also  unable  to 
draw  any  hard-and-fast  line  of  demarcation  between  tho  top  of  the  Barakars  and 
the  bottom  of  the  Kamthis.  At/  the  same  time,  as  far  as  the  present  enquiry 
goes,  it  will  be  possible  to  recognise  with  approximate  accuracy  strata  of  the  two 
formations  in  such*  borings  as  may  be  made  through  them. 

It  may  seem  ahnost  unnecessary  to-dwell  further  on  any  but  the  Barakar  rocks, 
which^  88  holding  the  coal  seams^  would 'appear  to  be  those  alone  requiring  search 
by  boring,  more  particularly  as  all  the  rocks  have  been  already  described  by  Mr. 
Ball.  The  exposure  of  the  Barakars  is,  however,  often  so  very  narrow  and  shut 
in  along  the  south-western  border,  and  the  seams  are  apparently  so  near  the  sur- 
&u^,  and  thus  possibly  disconnected  by  denudation  where  their  area  is  wider,  that 
the  contingency  of  having  to  bore  through  the  lower  part  of  the  Kamthis  must 
not  be  overlooked.. 

My  further  examination  of  these  upper  beds  shows  -that  they  are  separable,  over 
most  of  the  field,  into  three  marked  bands  or  zones,  the  uppermost  of  which  is  a  set 
of  thick-bedded  sandstones,  more  particularly  seen  in  the  higher  flat-topped  hills  of 
Hingir.  Beneath  these  comes  a  var3ring  thickness  of  softer  and  less  harsh-surfaced 
strata,  with  seams  and  patches  of  small  pebbles  and  gravelj  generally  of  reddish 
colours,  making  up  much- of  that  part  of  the-plateau.  crossed  by  the  railway  lino. 
Lower  still,  are  more  indurated  coal*3e- sandstones  of  red  and  purple  colours,  but 
weathering  brown  ;  with  which-are  associated  frequent  seams  and  even  beds  of  hard 
red  clays  and  shales  full  of  characteristie  Elamthi'  species  of  Glossopteris^ 
Schizotieuraj  and  Vertebraria,  The  thickness  of  each  of  these  bands  varies  a  good 
deal ;  and' at  times  the  middle  one -seems  to  disappear,  whilethe  upper  or  lower 
one  thickens  out. 

The  red-clay  zone  is  fairly  persistent  throughout ;  and;  as  immediately  over- 
lying the  Barakars,  and  being  occasionally  sufficiently  denuded  to  present  no  in- 
superable thickness  against  the  boring  tool  reaching  the  possibly  underlying  coal 
measures,  it  is  of  considei*able  interest.  Its  thickness  may  be  as  low  as  150  feet 
along  the  south-western  edge  of  the  plateait,  and  this  may  increase  to  300  feet  on 
iiie  north-eastern  border. 

The  Barakars  are,  fortunately  for  purposes  of  recognition-  in  different  parts  of 
the  field,  abo  marked  by  distinguishable  bands  of  strata.  Their  upper  portion 
consists  of  a  decided  zone  of^ brown- weathering  ironstone  flags  and  thin  beds,  so 
characteristic  in  the  south-west  fringe  of  low  country  as  ta  have- been  particularly 
noticed  by  Mr.  Ball  whoj  in  one  part  of  his  report,  says  "  the  position  of  the  Ba- 
rakars is  marked  l^  the  ironstones.'*  Xhe  zone  is  not  very  thick  here,  perhaps 
hardly  40^  feet  at  the  most ;  and  it  is  constant  all  down  the  Sambalpuri-Dib* 
dorah  valley  as  a  step  or  short  terrace  which  widens  out  at  the  southern  end  about 
Katrapali,  Durga,  and  Singarpur;  Thus  far,  it  forms  a  distinct  band  at  the  top 
of  the  Barakars  ;  but  to  the  eastward,  as  it  rounds  into  the  broader  open  country 
of  Lakanpur  and  Bampur,  brown  flaggy  beds  occur  more  distributed  through  a 
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greater  tbickness  of  these  strata  wbioh  still  hold  the  terrooed'  contour  inix>  the- 
Baisandar  valley*  A  second  and  lower  band,  bat  of  purple  and  reddish  ironsionesi 
also  noted  by  Mr.  Ball  as  a  *'  tessalated  ironstone,"  occurs-  in  the  lower  half  of 
the  BarakarSy  being  well  displayed  in  the  Bampar  countiyy  and  again  slightly  ii» 
the  Dulunga  Yalley. 

The  tipper  sEone  is,  however,  both  stratigraphicaUj  and  indostrialfy  tb&  most 
important ;  for  it  gives  a  horizon  above  or  below  which  a  great  deal  can  be  snr^ 
mised  as  to  the  conditions  of  the  ooalrmeasnres  themselves,  or  the  series  amrerlying: 
them,  while  it  is  from  these  beds  that  the  principal  suppVf'  of  ofe  is-  ofateiiKBd 
for  the  iron  furnaces  so  common  over  this  belt  of  terraced  land. 

Taking  the  coal  outcrops  in  order  from  west  to  east,^  the  fiest  and  indeed  the- 
best  exposures  are  in  the  Oiia  or  flangir  river  near  Dibdorah,  wheie-  there 
are  two  outcrops  which,  as  the  dip  is  low,  may  really  be  parts  of  one  and  the 
same  seam.  At^any  rate^  the  upper  part  of  this^  seam,  er  the  uppermost,  if  there 
be  two  of  them,  can  hardly  be  so  nmclL  as  40  feet  below  the  upper  ironstones,. 
the  interval  being  of  thick>bedded  coarse  f d^athic  free-stones.  The  outcrops 
indicate  a  good  thickness  of  coal  and  carbonaceous  shale,  Mr.  Ball  having  cut 
through  6  feet  of  coal  in  one,  while  I  sunk  a  pit  12  feet  deep  in  the  other  wiihoui 
reaching  the  bottom,  of  which  4  feet  was  fairly  g^ood  coal. 

The  next  coal  was  found  by  Mr.  Ball  in  the  Bagdid  nala  near  Lakanpvr,  the 
top  of  the  seam  being  alone  exposed ;  it  is  associated  also  with  thick-bedded 
sandstones  just  below  the  upper  ironstone  band. 

Still  further  east,  in  the  valley  of  the  Lillari  river,  are  some  four  or  five  out- 
crops, the  uppermost  of  which,  between  the  villages  of  Elaliabahal  and  Ghowdi- 
bahal,  occurs  close  up  to  the  ironstone  band  associated  with  thinish  beds  of  grey 
and  bufE  sandstone.  The  upper  part  of  the  seam^  of  which  I  ascertained  4 
feet  6  inches  at  least  of  good  coal,  is  well  exposed  in  the  bed  of  the  river.  Other 
outcrops  occur  lower  down  the  river ;  but  it  is  impossible  to  say  whether  they 
are  repetitions  of  the  same  seam  or  parts  of  this  and  another.  Yet  further  down- 
the  river,  near  Durlipali,  there  is  a  very  strong^  seam,  over  40  feet  of  which 
was  measured  by  Mr.  Ball ;  it  underlies  the  lower  ironstone  band,  with  perhaps 
a  small  intervening  thickness  of  sandstones. 

I9o  more  coal  is  known  until  the  north-eastem  edge  of  the  field  is  reached 
near  the  deserted  village  of  Dulunga,  where,  as  described  by  Mr.  Ball,  strong 
outcrops  of  coal  and  shale  occur  in  the  river  at  what  I  take  to  be  aboiit  the  same 
horizon  as  the  Durlipali  seam.  I  abo  found  traces  of  a  red  and  purple  sub- 
cuboidal  concretionaxy  ironstone,  answering  to  the  '  tessalated  bed,'  in  dose  proxi-^ 
mity  to  the  coal  outcrops,  though  its  position  above  or  below  them  ia  not  clear. 
Higher  ^  up  this  large  nala  and  about  a  couple  of  milea  north-west,  are  traces  of 
carbonaceous  shale  associated  with  the  upper  ironstone  band. 

Thence  northwards,  the  upper  ironstone  beds  are,,  as  usual,  easily  followed  on 
the  tolerably  well-defined  terrace  below  the  steep  slopeaof  the  lofty  Kur  and  Ghurjan 
hills  into  the  Baisandar  valley,  in  the  low  grounds  of  which  are  the  further  coal 
outcrops  described  by  Mr.  Ball  These  are  lyings,  I  believe^  in  very  much  the 
same  zones  of  Barakars  as  are  the  other  outcrops  in  the  eastern,  southern,  and  south- 
western edges  of  the  field,  though  the  thickness  of  the  series  may  be  greater* 
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The  only  remainiBg  consideration  is  as  to  the  He  or  gisement  of  the  rocks ; 
«nd  it  will  easily  be  vnderstood,  from  what  has  been  already  said  of  their  occur- 
ring so  Hniforraly  in  the  plateau  and  ronnd  its  edges,  that  this  is  very  easy  or 
tx>mparaitiyely  flat  and  basonal.  i  The  series  has,  on  the  whole,  a  general  southerly 
elope,  the  lowest  beds  of  the  Barakars  being  at  a  higher  level  on  the  gneiss 
of  the  north  and  north-east  sides  of  the  country  than  they  are  to  the  southward 
«nd  seath-west,  though  the  beds  rise  up  towards  this  latter  border  and  even 
have  a  sharp  undulation  in  the  escarpment  of  the  Dibdorah  valley.  This  easy 
lie  has  also  not  been  interfered  with  by  any  decided  system  of  faults ;  ^  but 
at  can  hardly  be  expected  that  so  large  an  area  shall  be  devoid  of  some  minor 
dislocatiens,  of  which,  howev^  I  have  as  yet  seen  no  indication. 

IL^-'Bivision  Mo  Boring  Arecu, 

-In  considering  next  the  problem  of  selecting  the  most  likely  and  convenient 
sites  for  testing  the  coal  seams  by  boring,  it  is  necessary  to  look  at  the  style  of 
the  outcrops  themselves,  their  position  with  regard  to  the  line  of  railway,  and 
lastly,  the  possibility  of  the  line  itself  running  over  so  pierceable  a  depth  of  the 
upper  sandstones  that  seams  may  even  be  struck  at  a  convenient  depth  within 
immediate  reach  of  it. 

In  the  first  place,  under  these  three  heads,  the  whole  field  can  be  divided  off 
into  sections  suitable  either  for  boring  or  indeed  for  future  colliery  works ;  thus, 
taking  them  from  west  to  east : — 

I.— 3jfee  Kttr  River  Valley ;  practically  a  portion  of  the  line  trace,  as  the  rail- 
way will  enter  here  on  its  progress  over  the  plateau  from  Raigarh. 

11. — The  Oira  or  Ringir  Biver  Valley ;  in  the  small  Zemindari  oi  Kodibuga, 
with  coal  outcrops. 

lU, — The  Bagdia  Valley ;  in  the  western  part  of  Bampur,  with  a  coal  out- 
crop, 

IV. — The  Lillari  Valley ;  in  the  middle  of  the  Bampur  Zemindari,  and  its 
upper  reaches  touching  on  the  line  of  railway. 

F. — The  Bidwnga  Valley ;  on  the  north-east  odgQ  of  the  plateau,  in  Hingir, 
with  coal  outcrops 

VI. — The  Batsandar  and  Bazar  Valleys ;  on  the  north,  partly  in  Hingir  and 
Baigarh,  with  coal  outcrops. 

For  the  first,  as  being  on  the  railway,  I  would  place  it  as  a  favourable  section 
for  exploration,  but  that  it  Imls  as  yet  shown  no  outcrops  of  coal.  It  is  a  con- 
venient place,  all  three  members  of  the  lower  Gk>ndwanas  are  exposed,  and  there 
is  no  escarpment  of  the  upper  sandstones  in  the  tract  over  which  the  borings 
would  be  carried  out.  My  expectation  of  coal  being  struck  here,  at  a  depth  say 
of  200  feet,  is  based  on  the  position  and  strength  of  the  coal  outcrops  of  Dibdorah, 
a  few  miles  to  the  south-east.  On  many  considerations,  however,  it  is  better  to 
start  an  exploration  of  this  kind,  if  possible,  irom  known  outcrops  such  as  are 
exhibited  in  aU  the  other  sections. 

*  Ibe  long  faolted  bonndnry,  snggetted  by  Mr.  Ball  af  occurring  on  tbe  tontb-west  edge  of 
the  field,  eT«n  if  it  be  really  a  liuo  of  dialocatioD,  does  not  affect  tbe  coal-meaaoret  in  any  seriooa 
way. 
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The^Oi?«L^  river  exhibits,  without  doubt,  the  most  promising  coal  exposures, 
but  these  lie  in  an  extremely  narrow  and  shut-in  yallej,  the  escarpment  being  here 
very  steep  and  175  feet  in  height,  whence  it  'would  be  very  troublesome  to 
deliver  the  coal  to  the  railway.  On  the  other  hand,  borings  might  be  pnt  dows 
on  the  plateau  within  a  few  miles  of  the  railway,  though  these  would  have  to  be 
run  down  perhaps  200  feet  before  reaching  coal. 

The  Bagdia  or  Lakanpur  valley  may  for  the  present  be  left  oat  of  oonsiden^ 
tion,  even  though  it  show  a  coal  outcrop.  It  forms  an  indented  bay  of  low  countiy, 
shut  off  to  the  north  from  communication  with  the  line  of  <rail  by  steep  slopes  of 
200  feet  in  height,  there  beiug  besides  an  interval  of  difficult  ccmntry  in  the  pktteaa 
above.     The  coal  outcrop,  as  far  as  it  shows,  is  not  promising. 

The  Lilian  section,  as  already  stated,  is  strong  in  outcrops,  none  of  which  are 
known  to  contain  such  a  thickness  of  actual ooal  as  the  Dibdorah  exposure.  This 
river  rises  in  the  plateau  some  6  or  7  miles  south-south-east  of  Hingir,  and  for  part 
of  its  higher  course  flows  close  alongside  the  railway  trace  in  the  neighbourhood 
of  the  projposed  Hingir  Road  Station.  The  northernmost  or  upper  outcrop  is  only 
about  4  or  5  miles  south-south-east  of  this  station  ;  while  there  is  no  difficulty  of 
approach,  the  valley  being  quite  open  and  without  aiiy  transverse  ridge  or  escarp- 
ment as  is  the  case  in  the  other  parts  of  the  field. 

The  Dulunga  section  lies  about  the  same  distance  due  north  of  this  railway  sta- 
tion ;  but  a  difficult  and  hilly  country  having  more  or  less  of  an  escarpment  inter- 
venes.    The  Baisandar  and  Pazar  areas  are  even  more  distant  and  difficult  of 

access. 

My  examination  thus  leads  practically  to  the  conclusion  that  the  Oira  and  Lil- 
ian sections  possess  on  the  whole  the  more  favourable  conditions  for  preliminary 
trial.  But ;  when  comparing  them  as  to  style  of  outcrop,  position  with  r^ard  to 
the  railway,  and  the  possibility  of  striking  ceal  at  a  reasonable  depth,  there  seems 
little  doubt  that  the  latter  offers  the  best  combination  of  these  attributes. 

(Q.).'-Th€  LillaH  Valley  Tract. 

The  Lillari,  from  the  neighbourhood  of  the  Hingir  Road  Station  to  its  con- 
fluence with  the  lb,  runs  very  much  in  a  line  at  right  angles  to  the  rather  varying 
strike  of  the  rocks.  Thus ;  in  the  upper  part  of  its  main  course,  it  runs  from 
north-north-west  to  south-south-east  for  8  miles,  when  the  strata  are  at  first  hcni- 
•zontal  or  nearly  so,  or  with  a  dip  of  5°  north-north-west.  Gradually,  this  dip  may 
range  somewhat  higher  as  lower  and  lower  beds  of  sandstone,  coal,  or  shale  are 
passed  over,  though  from  the  fourth  of  these  8  miles  there  are  strong  indi. 
cations  of  undulation.  Then,  as  the  river  bends  round  to  the  eastward  near 
Ghanamal  and  Durlipali,  the  strike  of  the  beds  is  more  south-west-^north-east 
with  a  rather  higher  dip  never  exceeding  10°.  It  is  thus  no  easy  matter  to  estimate 
the  probable  thickness  of  the  coal-measures,  which  really  occupy  an  expanded  strip 
<rf  outcrop  fully  5  miles  in  width.  Calculating,  however,  on  the  varying  dip  and 
the  strong  indications  of  rolling  in  the  middle  portion,  as  well  as  on  a  comparisoQ 

^  Id  the  4-inch  map  t  is  called  the  Hingir  Nala  in  its  upper  reach,  and  the  Jangwos 
near  its  conflaence  with  the  Mnhanadi ;  but  it  is  also  marked  Oira  in  the  1-inch  topographical  map 
and  the  people  give  it  this  name. 
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of  the  exposures  here  with  those  to  the  south-west  and  north-east,  I  do  not  think 
there  can  be  much  more  than  4fOO  feet  from  the  top  of  the  brown  ironstone  band 
at  Chowdibahal  to  the  bottom  of  the  Durlipali  seam. 

Chowdibahal  is  only  about  4  miles  south-west  of  the  Hingir  Road  Station^ 
being  situated  on  more  or  less  flat  beds  of  the  Barakars,  which  are  sucfjeeded,  as 
the  river  is  followed  upwards,  by  the  red-clay  band  of  the  upper  sandstones.  The 
railway  station  itself  will  be  on  the  middle  sandstones  of  this  series ;  but  they  are 
very  thin,  since  the  red-clay  band  rises  up  from  under  them,  with  a  southerly  dip, 
at  only  about  a  mile  to  the  north-east  near  the  village  of  Tangudhi. 

The  uppermost  coal  crops  out  in  the  river  bed  about  a  quarter  of  a  mile  below 
Chowdibahal,  and  the  lowest  also  shows  very  strongly  in  the  river  close  to  the 
village  of  Durlipali.  Thus  the  Barakars  themselves  can  be  tried  by  boring  in  two 
ways :  either  by  testing  the  seams  from  below  upwards  beginning  on  the  sandstones' 
above  the  Durlipali  seam  and  going  north,  or  by  starting  at  Chowdibahal. 

The  Durlipali  seam  is  over  40  feet  thick,  but  it  is  mainly  made  up  of  car- 
bonaceous and  grey  shales  with  some  thin  layers  of  coal,  the  best  of  them  being 
only  1'  to  2',  6"  thick.  Of  course  there  may  be  a  great  improvement  in  them  to 
the  deep,  but  this  is  really  all  that  can  be  said.  I  have,  however,  marked  down 
several  sites  along  the  strike,  in  the  sandstones-  above  the  seam,  in  the  low  hilly 
country  on  the  left  bank  of  the  river,  between  the  villages  of  Ohanamal  (on  the 
right  bank),  Judiboga  (wrongly  marked  Jamkani  on  the  topographical  survey 
map),  and  Sumra.  Should  the  borings  at  those  places  give  good  coal,  the  railway 
might  then  be  supplied  from  a  distance  of  8  or  9  miles ;  they  would,  I  think, 
hardly  ever  run  beyond  200  feet,  while  they  ought,  on  the  Judiboga  strike,  to  touch 
the  coal  at  much  lesser  depths. 

On  the  other  hand,  the  Kuliabahal-Chowdibahal  outcrop  gives  at  least  4|  feet 
of  fairly  good  coal,  which  may  also  go  on  improving  to  the  deep.  The  slight  dip 
would  fetch  the  coal,  if  of  fair  lateral  extent,  within  easy  reach  of  the  Hingir  Road' 
Station.  Besides,  a  not  unimportant  feature  bearing  on  the  possible  thickness  and 
quality  of  this  seam,  or  of  perhaps  another  not  far  below  it,  must  not  be  lost  sight 
of,  namely,  that  its  position  just  below  the  ironstone  band  agrees  with  that  of  the 
Dibdorah  and  Lakanpur  outcrops.  It  is  perhaps  scarcely  to  be  hoped  that  these 
three  widely  separated  exposures  can  be  parts  of  one  and  the  same  seam ;  but  they 
certainly  appear  to  be  on  somewhat  the  same  horizon  which  so  far  exhibits  coal  at 
other  points  also  round  the  edge  of  the  field. 

A  deep  boring  at  this  place  would  at  once  tell  a  great  deal  of  the  proper  coal- 
bearing  capabilities  of  the  Barakars,  as  well  as  whether  it  would  be  worth  while 
continuing  the  search  here,  and  it  might  even  touch  the  lower  seam.  Preferring, 
therefore,  to  depend  in  the  commencement  on  such  a  crucial  boring  as  this  deep 
one  promises  to  be,  I  am  induced  to  advise  breaking  ground  at  Chowdibahal ;  and' 
to  this  end  some  twelve  sites  have  been  marked  in  this  neighbourhood  within  an 
area  of  about  two  square  miles  which  can  be  taken  seriatim  according  as  the 
results  shall  indicate.  At  the  same  time,  it  is  quite  possible — nay,  even  probable — 
that  there  may  be  no  necessity  for  carrying  this  boring  to  any  considerable  depth, 
as  the  upper  seam  which  ought  to  be  struck  within  100  feet  may  be  so  promising' 
that  the  exploration  shall  remain  in  it  for  some  time  at  least. 
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The  accompanying  outline  map  has  been  prepared  from  that  of  the  Topo- 
graphical Sarvey,  hill  features  being  left  out ;  and  a  few  alterations  haye  been 
introduced  from  the  railway  map  on  the  same  scale.  The  approximate  pontioDS 
of  a  few  villages,  not  given  in  the  topographical  map,  are  shown  vfcA  the  lucmes 
of  others  corrected.     Only  a  few  of  the  boring  sites  are  here  laid  down. 


Note  on  Lignite  near  Riipur,  Central  Provinces,    hy  Prahathjl   Nath   BosBy 

B,  Sc.  (Lend.),  F.G.S*,  Oeologieal  Survey  of  India. 

The  lignite  which  forms  the  subject  of  this  note  was  found  in  the  bed  of  the 
Karun^  river,  3  miles  south-west  of  B&ipur,  the  capital  of  the  Chhottiaghsr 
division  of  the  Central  Provinces,  within  the  boundary  of  the  village  of  Bhitft- 
gion.  When  I  visited  the  plaoe  (about  the  end  of  April)  the  water  thero  was 
about  a  foot  and  a  half  deep.  The  bank  of  the  river  on  the  Bhitigion  side  is 
some  15  feet  high,  and  consists  of  a  light-coloured  loam.  The  bed  is  sandy ;  and 
the  lignite  occurs  below  the  sand  as  logs  in  a  blackish,  rather  stiff,  alluvial  day, 
impregnated  with  peaiy  matter.  The  logs  are  black,  and  show  woody  stmctuie 
perfectly  well.  Their  length  and.  thickness  are  variable ;  those  I  obtained  had  a 
maximum  diameter  of  six  inches.  During  the  rains  when  a  strong  current  has 
removed  the  overlying  sand,  these  logs  are,  I  was  told,  well  exposed.  They 
are  then  taken  out  by  the  people  of  Bhatdg&on,  stealthily  it  seems ;  for,  tiiough 
the  villagers  must  have  removed  many  cart-loads  of  the  substance  within  the  last 
ten  or  twelve  years,  and  though  its  utility  as  fuel  in  a  treeless  country  like  B4ipnr 
is  beyond  question,  not  a  breath  had  reached  the  offioial  ear ;  and  Bhitigion 
is  only  a  quarter  of  an  hour's  ride  from  B&ipur. 

From  the  amount  reported  to  have  been  extracted  by  the  people  of  Bhit^ion, 
and  from  the  facility  with  which  log  after  log  was  thrown  up  in  my  presenoe,  I 
was  satisfied  that  the  lignite  occars  in  some  quantity  at  the  place.  I  cannot  be 
very  sanguine,  however,  considering  that  the  alluvial  deposits  in  which  it  ooonni 
are  confined  to  the  immediate  vicinity  of  the  river  and  are  not  likely  to  be  more 
than  30  feet  in  thickness  (from  the  surface),  if  even  so  much,  the  Yindhyan  lime- 
stone cropping  out  in  all  directions  except  the  south,  even  in  the  bed  of  the 
river  almost  within  sight  of  the  place  where  the  lignite  occurs.  On  the  other 
band,  I  was  informed  that  lignite  had  been  found  two  years  ago  in  the  bed  of  a 
streamlet  which  marks  off  the  boundary  of  the  village  of  Khunnur&  from 
that  of  Ohugwi,  close  to  its  junction  with  the  Elarun.  I  went  to  the  spot.  The 
water  here  was  no  deeper  than  at  Bh&t£g4on;  but  my  search  was  fruitless. 
From  the  evidence  before  me,  however,  I  saw  no  reason  to  impugn  the  veracity 
of  my  informants.  I  also  heard  of  a  similar  find  at  Jumrio,  two  miles  and  a 
half  south  of  the  spot  where  lignite  was  dug  out  at  Bh&t&gion,  If  this  statement 
stands  verification,  and  I  think  it  will,  the  extent  of  the  lignite  would  be  by  no 
means  inconsiderable. 

Owing  to  the  presence  of  water  I  could  not  get  at  any  exposure  which  would 
enable  one  to  come  to  any  conclusions  worth  recording  about  the  origin  of  the 

^  Spelt "  Karoon  "  in  the  Bevenue  Survey  Map.    The  river  is  also  known  as  "  Kameri." 
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fignite,  its  exact  mode  of  occnrrence,  and  other  allied  qnestions.  The  speoimens 
of  lignite  I  got  all  belong  to  Dicotyledonous  land  plants,,  of  which  the  jungles- 
enclosing  the  plain  of  Chhattisghar  are  still  almost  exclasively  made  up.  In  tha 
peaty  matter  associated  with  the  lignite  mentioned  before  were  some  leaves  fairly 
enough  preserved  for  identification.  Unfortunately,  those  I  brought  away  have 
heen  hopelessly  crashed.  When  more  specimens  are  obtained,  exact  specific 
determinaiioii  wonM  be  an  easy  task. 

The  following  are  the  results  of  the  analysea  of ,  two  specimens  made  by  Mr. 
Hira  Lai,  of  the  G^eological  Survey :: — 

MoistiirB       .•...»»• 
Tolatile  matter  (MdoBiTe  •(  mobtiure) 

Fixed  carboo 

Ash 


No.  1, 

ITo.  2. 

21*76 

11*64 

44-84 

62*86 

28*30 

80*00 

6*10 

6-00 

100-0^          100*00 

The  excessive  moisture  in  specimen  Na  1  is  probably  accounted  for  by  the 
&ct  that  it  was  exposed  to  the  atmosphere  of  the  laboratory  for  48  hours  after  it 
had  been  dried  in  a  water  bath.  No.  2  was  not  so  dried,  but  was  sufficiently 
dry  for  analysis.    The  lignite  was  found  to  cake ;  and  the  ash  ia  brownish. 

The  results  indicate  a  fuel  certainly  poorer  than  eoal.  But  the  proportion  of 
fixed  carbon  is  higher  than  in  ordinary  peat,  and  the  heating  power  consequent- 
ly greater.  Its  economic  importance  cannot  be  exaggerated.  For  some  30 
miles  round  E^ipur  there  is  not  a  bit  of  jungle  to  be  seen  anywhere.  Wood  is> 
consequently  extremely  dear.^  A  cheaper  substitute,  such  as  the  lignite  promises 
to  be,  would  be  highly  welcome. 

I  came  to  know  about  the  lignite  in  the  fag  end  of  the  last  season,  after  | 
had  packed  and  stored  my  tents  away,  and  made  all  arrangements  for  leaving 
E&ipur.'  Next  season  I  propose  to  resume  work  there,  and  have  a  closer  search. 
I  would  recommend  diggings  on  a  small  scale  at  Bh&t&g&on,  Ghugw&,  and  Jumr^. 
The  co-operation  of  an  engineer  will  probably  be  required.  But  I  have  no  doubt 
the  enlightened  officers  of  the  district  will  cordially  help  in  the  matter. 

Besides  the  economical  importance  of  the  subject^  the  scientific  interest 
attaching  to  it  is  very  great.  The  whole  district  of  Biiipur  has  been  land  ever 
since  the  Yindhyan  period.  For  ages  past,  therefore,  it  must  have  supported 
vegetable  and  animal  life  to  a  greater  or  lesser  extent.  But  the  conditions  for 
the  safe  preservation  of  terrestrial  life  are  so  YCfrj  hard,  that  one  might  hunt 
the  whole  country  from  one  end  of  it  to  the  other,  without  coming  upon  any  but 
the  barest  remains  belonging  to  the  animala  or  the  plants,  which,  geologically 
speaku^,  lived  but  yesterday.  Any  localities,  therefore,  which,  Hke  Bh^t&g&on, 
promise  us  materials,  however  scanty,  for  the  history  of  the  terrestrial  fauna  and 
flora^  should  be  thoroughly  and  carefully  searched,  especially  as  the  life-history  of 
the  entire  district  ia  a  great  blank,  the  Yindhyan  sandstones  and  limestones 
having  nowhere  yielded  a  trace  of  a  fossil  yet. 

>  Firewood  lells  at  Biiptir  at  10  to  12  aiiiUM  per  maond. 

*  I  am  indebted  for  the  information  to  Mewn^  J.  N.  Sircar,  Baniiter-at-law,  and  D.  Sinclait,. 
proprietor  of  BhM^tu 
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Tlie  Tnrqaoise  Mines  of  NisMp{br,   Khorassan,^    hy    A»  Hontuv  Schikblbr, 

Qeneralj  Persian  Service, 

Qeographical. — The  miDes  known  as  the  *^  Kish&pAr  Tarqaoise  Mines  *'  are 
sitoated  ^in  the  B4r-i-Maden,  a  district  of  the  Nish&p&r  province,  about  40  nuTes 
liorth-east  of  Sabzv&r,  and  32  miles  north-west  of  Nish&pib*.  The  principal  place 
of  the  Bar-i-Mad^n  district  is  the  village  Mad^,  which  consist  of  two  villages, 
the  Kale^-bfila  and  the  Kale-i-pain,  with  a  population  of  about  1,200  souls.  The 
Kale-i-blll4  lies  5,100  feet  above  the  level  of  the  sea  in  latitude  36^  28'  IF  north, 
and  longitude  58°  20^  west  of  Greenwich.  A  few  smaller  villages,  there  called 
**  kelatehs,"  belong  to  the  Ma4^n  village,  and  contain  about  300  inhabitants.  The 
total  population  of  the  Maddn  villages  was  on  1st  July,  1882,  1,501.  Twelve 
other  large  and  several  smaller  villages  belong  to  the  Bar-i-Maden  district ;  of 
these  it  is,  however,  not  necessary  to  speak  Jony  further.  The  Maden  village  and 
the  territory  belonging  to  it  cover  about  40  square  miles  of  ground.  Most  of  this 
is  situated  in  a  wide  open  valley,  which,  as  it  has  no  particular  name,  I  shall 
call  the  Maden  valley.  This  valley,  running  in  an  east-west  direction,  is 
bounded  on  the  north  by  the  turquoise  mountains,  and  on  the  south  by  the  Batau 
mountains  ;  on  the  east  are  some  low  hills  separating  it  from  the  Nishilpiir  plain, 
en  the  west  the  ground  falls  gently  towards  the  Jowein  plain.  The  thalweg  of 
the  Maden  valley  is  formed  by  the  Kil-i-Mansilrah  (':Cal  means  rivw  in  Elhoras- 
san,  or  rather  a  river-bed),  which  rarely  has  any  water,  and  flows  nearly  due 
west  towards  the  Jowein  plain  ;  it  reaches  the  Jowein  plain  after  receiving  several 
streams  from  the  north,  flows  through  the  plain,  and  then  curvea  southwards, 

>  Commanicatod ;  from  the  Foreign  Department,  through  the  Rcveuttt  and  Agriciritaral  Depart- 
ment, Government  of  India. 

So  little  definite  information  concerning  the  occurrence  of  the  Tnrqnotse  has  hiiberto  been 
available  that  the  above  paper,  even  though  it  has  but  an  indirect  assochition  with  IndiMU  geology, 
comes  as  a  very  welcome  contribution  to  the  history  of  precious  stones.  All  authorities  <m  this 
study  give  this  very  locality  as  being  almost  the  only  one  whence  the  stone  hss  been  procured  in 
its  most  perfect  condition  of  colour;  but  Silesia,  Oelsuitz  in  Saxony,  and  the  valley  of  the  Qnlas- 
teo,  south-east  of  Santa  Fe  in  Europe,  Thibet,  and  China,  arc  given  by  various  writers  as  producing 
stones  of  inferior  quality.  A  form  of  very  fine  but  not  lasting  colour  is  also  found  near  Mouut 
binai  in  Arabia  Petnea. 

In  the  Manual  of  the  Qeology  of  India,  Part  III,  there  is  the  following  notice  :  *'  The  hydrous 
aluminum  phosphate,  or  calaite,  otherwise  known  as  Turquoise,  may  be  mentioned  here,  though 
its  occurrence  in  India  is  doubtful.  Mr.  Prinsep  (Joum.  As.  Soc.  Bengal,  Vol.  IV,  p.  6S4\  from 
the  presence  of  certain  blue  streaks  in  the  copper  ores  of  Rajnuri  in  Ajmir,  suggested  the  possibili- 
ty of  turquoise  being  found  there.  Subseqnently  Dr.  Irvine  (Topography  of  Ajmir,.  p.  162)  stated 
that  it  was  reported  to  be  found  in  the  Ajmir  hills  and  at  Ramgarh  in  the  Shakhwati  ooantry  and 
was  used  for  rings,  but  it  seems  possible  that  this  was  really  a  variety  of  bluo  copper  which 
Prinsep  called  a  turquoise  copper  oi*e.  There  has  been  no  recent  recorded  discovery  of  turquoise  in 
this  region," 

'*  The  principle  known  turquoise  mines  in  the  world  are  at  Ausar,  near  Nisahptlr  in  Khorassan 
in  Persia,  to  which  Tavcmior  alluded  under  the  name  of  Michoboufg." 

By  the  way,  the  latter  name  is  hero  possibly  a  misprint ;  for  Tavernier's  account  is  thus  given 
in  Dieulufaits'  **  Diamonds  and  Precious  Stones,"  p.  141 :  *'  The  mine  of  turquoise  which  fur- 
nishes the  most  beautiful  stones  is  three  days'  juumoy  from  Meshed,  turning  to  the  north-west  af tec 
j[M80ing  the  large  town  of  Niihabourg." 

W.  K. 
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cutting  the  higliroad  between  SMhrftd  and  Meshed  a  little  east  of  Ahb&84bAd. 
It  is  ^ere  passed  by  the  Pul-i-Abrishnn  (Bridge  of  Silk),  famous  in  former 
years  for  the  Turkomans,  who  there,  or  in  its  immediate  vicinity,  attacked  more 
caravans  than  anywhere  else  on  the  Meshed  road. 

Oeological. — The  mountains  of  the  district  consist  of  nummulitio  limestones 
and  sandstones  lying  on  clay-slates,  and  inclosing  immense  beds  of  gypsum  and 
rock-salt.  The  slates  rise  in  the  Batau  mountain,  whose  peaks  they  form,  to  the 
absolute  height  of  6,400  feet,  1 ,860  feet  above  the  thalweg  of  the  Mad^n  valley. 
The  limestones  rise  in  the  Si-sar  peak,. 3  miles  east  of  the  Kale-i-b&l&,  to  an  ab- 
solute height  of  5,900  feet.  The  stratified  rocks  are,  on  the  north  of  the  valley, 
broken  through  by  porphyries  and  greenstones,  and  in  consequence  greatly  meta- 
morphosed, and  the  turquoise-bearing  ridge  consists  entirely  of  porphyries,  green- 
stones, and  metamorphosed  limestones  and  sandstones.  This  ridge  rises  to  an 
absolute  height  of  6,655  feet.  The  turquoises  form  veins  in  the'  metamorphosed 
strata,  which  have  partly  lost  their  original  stratification,  and  contain  minute 
pieces  of  free  silica.  The  general  direction  of  the  turquoise  veins  is  N.  70^ 
E. — S.  70°  W.,  the  same  as  that  of  the  strike  of  the  stratified  rocks.  The  highest 
spot  at  which  turquoises  have  been  found  lies  5,800  feet  above  the  level  of  the 
sea,  the  lowest  spot  4,800  feet. 

Olitnate, — The  climate  is  very  salubrious.  The  greatest  heat  does  not  exceed 
82®  to  83°  F.,  the  greatest  cold  is  very  seldom  40°  P.  below  freezing  point.  The 
winter  of  1882-83  was  exceptionally  cold  at  the  mines,  the  same  as  all  over  the 
north  of  Persia.  Wheat  and  barley,  and  mulberry-trees  grow  well  at  an  absolute 
height  of  5,000  to  5,300  feet.  Asafoetida  and  fig-trees,  the  latter  bearing  no  fruit, 
grow  on  the  mountain  slopes  to  a  height  of  6,000  feet.  The  rainfall  slightly  ex- 
ceeds that  of  the  greater  part  of  Khorassan.  A  strong  north  wind  blows  almost 
continually,  and  keeps  the  air  very  pure.  Some  years  ago,  when  most  of  the 
villages  of  the  district  were  ravaged  by  the  plague,  and  two  years  ago,  when 
there  was  an  epidemic  of  diphtheria  in  the  neighbourhood,  the  Maden  village 
remained  free  of  sickness. 

Inhabitants  and  produce. — The  inhabitants  of  the  Mad^n  village  are  entirely 
occupied  with  the  obtaining,  cutting,  and  selling  of  turquoises.  Agriculture  is 
there  very  much  neglected.  Water  is  not  plentiful,  but  cettainly  enough  for  the 
sowing  of  100  to  150  kharvars  of  grain  ;  as  it  is,  only  10  to  15  kharvars  are  sown, 
and  the  harvest  hardly  ever  produces  more  than  100  kharvars.  The  villages  in 
the  immediate  neighbourhood  with  the  same  kind  of  ground  and  soil,  and  almost 
the  same  climate,  have  many  ''  deimi  "  fields  (fields  watered  by  rain  only)  ;  the 
Maden  village  has  none.  Some  families  occupy  themselves  with  the  rearing  of 
silkworms,  and  produce  about  120  lbs.  of  silk  per  annum.  Poppy  had  been  sown 
in  a  garden  in  1881,  but  was  found  to  contain  very  little  opium  ;  and  the  people 
have  since  then  abstained  from  poppy  cultivation.  Nearly  all  the  male  inhabit- 
ants  of  the  Maden  village  are  inveterate  opium  smokers,  and  many  women  have 
also  acquired  that  vice.  The  gain  of  turquoises  has  made  the  people  careless  of 
anything  else ;  there  are,  however,  very  few  of  the  inhabitants  who  possess  any. 
thing  worth  speaking  of.  A  good  turquoise  is  found,  and  the  money  obtained  by 
its  sale  is  spent  at  once ;  one  can  often  see  at  the  mines  men  who  yearly  pay  60 
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tomans  to  the  Govemmcnt,  and  who  gain  quite  150  tomans  besides,  having 
nothing  to  eat. 

Minea  of  the  district, — The  mines  belong^ing  to  the  Maden  village  are  :  (1)  the 
turquoise  mines;  (2)  a  salt  mine ;  (3)  a  lead  mine  ;  (4)  a  millstone  quany. 

I  shall  speak  separately  of  each. 

1.  Turquoise  mines, — The  turquoise  mines  are  of  two  kinds :  (a)  the  mines 
proper,  shafts  and  gallerios  in  the  rocks ;  and  (6)  the  Khd.ki  mines,  diggings  in  the 
detritus  of  disintegrated  rocks  washed  down  towards  the  plain. 

(a)  The  mines  proper. 

The  most  easterly,  and  according  to  all  accounts  the  oldest  mine  is  the  Abdur- 
rezzagt,  which  was  formerly  called  the  Abii  Ish&gi,  and  is  with  that  name  men- 
tioned in  old  books.  Its  mouth  is  at  the  absolute  height  of  5,900  feet ;  it  is  a 
very  extensive  mine  and  has  a  depth  of  about  160  feet  vertical  from  its  mouth. 
Eor  the  last  few  years  very  few  turquoises  have  been  obtained  from  this  mine, 
but  its  turquoises  are  esteemed  more  than  those  of  other  mines.  Close  to  this 
mine,  and  in  the  same  valley,  are  the  Surkh,  Sh&perdar  and  Aghali  mines,  which 
are  at  present  neglected.  A  little  to  the  west  of  the  Abdurrezz&gi  valley  is  the 
*'  Derreh-i-Safid,''  the  white  valley,  with  the  old  mines  M&leki,  the  upper  and 
lower  Z&M  and  the  Mirzd  Ahmedt.  The  former  three  are  inunense  mines,  but 
almost  entirely  filled  up.  In  the  lower  Z&ld,  now  a  vertical  shaft  of  60  feet  in 
depth,  and  about  250  feet  in  circumference,  one  can  plainly  see  how  the  mines 
have  got  to  their  present  ruined  state.  It  is  apparent  that  the  mines  were  former- 
ly well  directed.  Yertieal  shafts  were  cut  into  the  rock  for  lighting  and  ventilat- 
ing the  mine,  while  the  entrance  of  the  mine  was  by  lateral  galleries  driven  in  on 
the  slopes  of  the  mountains.  I  think  it  very  probable  that  the  mines  were,  as 
late  as  the  first  quarter  of  the  last  century,  worked  by  the  Government.  The 
mines  were  then,  when  the  Sefdvieh  dynasty  came  to  an  end,  neglected  and  left 
to  the  people  of  the  village,  or  perhaps,  as  now,  farmed  to  them.  The  farmers 
thought  only  of  getting  a  quick  return  for  their  money  and  cut  away  the  rock 
wherever  they  saw  any  turquoises,  exactly  as  they  do  at  the  present  day.  The 
result  was  that  the  supporting  pillars  and  the  rock  between  the  different  shafts 
were  cut  away,  and  that  the  roof,  so  to  say,  of  the  whole  mine,  fell  down,  filling 
it  up.  The  three  above-mentioned  mines  have  been  filled  up  like  this.  One  can 
form  an  estimate  of  the  original  depth  of  the  Z4ki  mine  from  its  present  depth, 
which  is  only  to  the  surface  of  the,  formerly,  superincumbent  roof,  and  from  a 
shaft  or  burrow  dug  into  the  rubbish  of  the  old  mine.  This  burrow  begins 
where  the  fallen-down  roof  begins,  at  a  depth  of  60  feet  from  the  mouth  of  the 
mine  and  goes  down  about  another  60  feet  vertical.  At  the  end  of  this  burrow, 
120  feet  below  the  mouth  of  the  mine,  there  are  still  no  signs  of  the  original  old 
nune.  Several  attempts  have  been  made  to  clear  this  mine,  but  no  one  up  to 
now  has  had  either  the  will  to  provide  the  necessary  funds  or  the  patience  to  wait 
for  the  completion  of  the  work.  The  turquoises  of  the  "  white  valley  **  are  also 
very  good,  not  so  good,  however,  as  those  of  the  Abdurrezz&^.  Many  turquoises, 
generally  small,  are  found  in  the  rubbish  of  the  old  mines ;  they  are  much  prized 
for  their  good  colour.  The  mouth  of  the  Mirza  Ahmedi  mine,  which  was  proba- 
bly once  a  pari  of  the  Zaki  mines,  lies  about  80  feet  lower  than  that  of  the  Zaki 
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mine,  and  goes  down  80  feet  vertical.  It  also  lias  very  good  turquoises,  bat 
working  in  it  is  very  precarious  on  account  of  the  bad  state  of  the  galleries  and 
the  amount  of  loose  rubbish  they  contain. 

The  next  valley  is  the  Derreh-i-Dar-i-KAh.  In  it  are  several  important  mines, 
the  KerbelM  Kerimi,  the  Dar-i-KAh,  and  others.  The  Dar-i-Kiih  mine  is  very 
deep,  going  down  about  150  feet  vertical.  It  is  an  old  and  very  extensive  mine, 
and  some  of  its  galleries  continue  as  far  as  the  Z&ki  mine ;  it  is  very  dangerous 
on  account  of  the  rubbish  it  contains  ;  the  rubbish  is  badly  propped  up  by  stones 
and  small  sticks,  and  several  labourers  have  at  times  been  buried  in  it.  One  of 
its  galleries  called  the  DAnekf  goes  for  about  100  feet  through  rubbish ;  the  width 
of  this  gallery  is  1  to  2  feet,  its  height  not  more,  and  the  descent  down  it  is  very 
dangerous.  Only  three  or  four  of  the  miners  have  the  courage  to  go  into  this 
gallery.  Some  galleries  of  this  mine  are  completely  filled  up,  and  can  only  be 
cleared  at  great  expense  and  with  difficulty.  Above  the  mine  can  be  seen  many 
shafts  which  formerly  lighted  and  ventilated  the  mine,  but  are  now  filled  up. 
All  the  mines  in  the  Dar-i-Kdh  valley  are  worked  and  contain  good  turquoises. 

Further  west  is  the  "  Derreh-i-Siyah,'*  the  black  valley  with  the  old  Ali 
Mirzl^  (a  contraction  of  Ali  Murteza)  and  the  Reish  mines.  The  Ali  Mirzii, 
particularly  the  lower  one  of  that  name,  is  very  dangerous.  The  rock  is  very 
soft  and  much  disintegrated,  often  falls  and  fills  up  the  mine.  A  part  of  this 
mine  is  called  the  "  Bi-rAh-rd,"  the  shaft  |"  without  a  road  '*;  to  go  down  into 
it  is  very  difficult.  The  turquoises  of  the  Ali  Mirz&i  are  not  very  good,  thei^ 
colour  soon  fades. 

On  the  top  of  the  Refsh  mine,  in  the  same  valley,  a  vein  of  turquoises  was 
discovered  a  year  or  two  ago,  and  a  new  mine  was  opened  there  with  the  name 
of  "  Sar-i-Reish "  (the  head  of  the  Refsh).-  In  it  are  found  turquoises  of  fino 
colour  and  of  great  size,  but  the  colour  soon  fades  and  the  turquoise  becomes  a 
dirty  green  with  white  and  grey  spots.  As  long  as  these  turquoises  are  kept 
damp  they  preserve  their  colour ;  if  once  they  get  dry  they  are  worth  very  little. 
A  turquoise  as  large  as  a  walnut  and  of  a  fine  colour  was  found  in  this  mine  last 
year ;  it  was,  against  my  advice,  or  rather  I  was  not  asked,  presented  to  His 
Majesty  the  Shah  ;  after  it  had  been  two  days  with  His  Majesty  it  became  green 
and  whitish,  and  was  found  to  be  worth  nothing. 

The  next  valley  called  the  "  Derreh-i-Sabz,"  the  green  valley,  contains  tho 
old  Ardelani  and  Sabz  mines  and  the  new  Anjiri  mines.  The  ArdelAnt  was  once 
a  very  great  mine ;  more  than  twelve  old  shafts,  now  all  filled  up,  are  still  to  be 
seen ;  its  present  entrance  is  by  a  large  artificial  cave  with  a  dome-like  roof ;  it 
has  a  vertical  depth  of  85  feet  and  is  very  badly  ventilated,  having  several  gal- 
leries with  foul  air.  Such  galleries  are  called  "  chiragh-kush,"  t.e.,  lamp  extin- 
guishers. The  Ardel&ni  turquoises  are  not  good.  A  "  Jow&her  n^meh  '*  (book 
on  jewels),  written  during  the  seventeenth  century,  mentions  that  the  turquoises 
of  the  most  inferior  quality  were  obtained  from  the  Ardelant. 

The  Sabz  mine  has,  as  its  name  implies,  green  turquoises  and  is  at  present 
filled  up.  The  AhjiH  mines,  which  have  their  name  from  some  fig-trees  growing 
in  the  valley  (Anj}r=fig),  are  new  mines.  They  produced  during  the  last  few 
years  a  very  great  quantity  of  turquoises  which  had  a  fine  colour  and  were  sold 
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well.  The  colour  of  these  tarqnoisee,  hpwever,  soon  faded,  and  the  poesenora 
of  these  turquoises  are  now  far  from  satisfied  with  their  purchases.  I  beEeve 
that  the  great  fall  in  the  price  of  turquoises  in  Europe  is  mainly  due  to  the  many 
stones  of  these,  as  well  of  the  Sar-i-Beish  mines.  These  stones  were  sent  to 
Europe  and  kept  moist  in  earthenware  pots  till  they  were  sold.  Out  of  th/e  damp 
they  lost  colour,  and  in  a  year  or  two  they  became  quite  white.  European  jeweUers 
have  at  present  no  confidence  in  turquoises,  and  buy  only  at  Very  low  prices. 

The  next  and  last,  also  the  most  westerly  valley,  is  the  one  with  the  Kemeii 
mine.  This  mine  is  full  of  water  at  present,  and  the  several  attempts  made  to 
empty  it  have  failed ;  it  has  some  thick  veins  of  turquoises,  but  the  stones  are  of 
no  use  for  rings,  being  generally  worked  into  amulets,  brooches,  seals,  &c. 

A  little  to  the  south  of  the  Ali  MirE&i  mine  lies  the  Khuriij  mine,  very  exten- 
sive, but  partly  filled  up ;  it  had,  some  sixty  years  ago,  very  good  turquoises,  and 
is  at  present  not  worked.  There  are  many  more  mines  with  names,  perhaps  a 
hundred,  and  more  than  a  hundred  nameless  ones,  but  they  are  either  parts  of 
those  I  have  enumerated,  or  unimportant.  Work  in  these  mines  is  carried  on  by 
means  of  picks  and  crowbars,  and  gunpowder.  Blasting  with  gunpowder  has 
come  in  vogue  only  within  the  last  thirty  years ;  formerly  all  the  work  was  done 
by  picks,  and  much  better :  the  picks  extracted  the  turquoises  entire,  i^  gun* 
powder  does  more  w(»rk,  but  breaks  the  stones  into  small  pieces. 

(&)  The  Elh&kf  mines  are  diggings  in  the  detritus  and  rubbish  collected  at 
the  foot  of  the  above-mentioned  mines,  and  in  the  alluvial  soil,  consisting  of  the 
detritus  of  the  rocks,  and  extending  from  the  foot  of  the  mountain  a  mile  or  two 
down  to  the  plain.  The  finest  turquoises  are  at  present  found  in  the  ElhAki 
mines, — in  fact,  good  ringstones  are  at  present  obtained  only  from  the  KhAkt. 
Work  here  is  carried  on  by  promiscuous  diggings,  without  any  system  whatever. 
The  earth  is  brought  to  the  surface,  sifted,  and  searched  for  turquoises ;  the  latter 
work  is  generally  done  by  children.  The  fine  turquoise  presented  by  the  Gavao* 
ed-Dowleh  to  the  Shah,  valued  at  2,000Z.,  as  well  as  many  other  fine  ones,  were 
found  in  the  Kh&ki. 

2.  The  saU  mine, — The  salt  mine  is  situated  about  6  miles  east  of  the  Madte 
village,  near  the  little  hamlet  Qaraghdchi.  The  salt  consists  of  an  immense  bed 
of  rock-salt  inclosed  by  gypsum  and  nummulitic  limestone.  The  salt  is  very 
white  and  clear,  in  many  parts  quite  as  transparent  as  glass.  I  have  seen  docu- 
ments  relating  to  this  mine  dated  1780. 

3.  Lead  mine. — The  lead  mine  lies  about  6  miles  south  of  the  Mad&n  village 
in  the  Batau  mountain  (which  has  its  name  from  the  village  Batau,  lying  on  its 
southern  slopes,  in  the  Tftghdn  K&h  district).  The  lead  occurs  in  irregular 
veins,  striking  N.  40°  E.— S.  40°  W.,  in  slates  underlying  limestones.  The  rnin^ 
is  not  an  important  one,  and  has  not  been  worked  for  many  years,— -in  iact^  not 
eince  the  accession  of  the  present  Shah.  As  soon  as  the  news  of  Muhammed 
Shah's  demise  reached  Khorassan,  the  Amarl4  Kurds  revolted,  and  took  posses- 
sion of  the  turquoise  mines.  The  inhabitants  of  the  Mad^  village  fled  to  the 
Batau  mountain,  and  worked  the  lead  mine  for  a  few  months,  till  order  was 
restored,  and  the  Kurds  left  the  turquoise  mines.  The  mine  has  since  then  been 
neglected. 
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Millttane  quarry. — The  millstone  qnarry  lies  abont  4  miles  sonth  of  the  Maddn 
Yillage,  on  the  northern  slope  of  the  Batan  mountain.  The  stones  are  cat  out 
of  a  rough  sandstone,  or  quartzose  grit,  lying  under  the  sandstone  of  the  nummu- 
litic  formation.  About  twenty  or  thirty  pairs  of  stones  are  obtained  per  annum 
and  sold  at  6  tomans  a  pair. 

Bevenue  and  arrangemefU  of  reti^.— The  Persian  Oovemment  received  up  to 
21st  March,  1882,  on  account  of  these  four  mines,  the  sum  of  8,000  tomans  per 
annum.  Either  the  inhabitants  of  the  Maden  village  paid  this  sum  themselves, 
and  worked  the  nunes  at  their  own  risk,  or  some  person  farmed  the  mines  from  the 
Oovemment  for  the  same  sum,  retained  one  or  two  mines  for  his  exclusive  benefit, 
worked  one  or  two  others  in  partnership  with  some  of  the  villagers,  and  sublet 
the  remainder  for  5,000  or  6,000  tomans  per  annum  to  the  villagers.  The  vil- 
lagers generally  paid  what  had  been  agreed  upon  in  turquoises,  and  they  could 
sell  the  turquoises  they  obtained  how  and  where  they  liked.  The  money  which 
they  had  to  pay  was  divided  at  the  rate  of  60  tomans  "  a  head "  among  the 
rayots ;  some  rayots,  according  to  their  means,  number  of  children,  &c,,  paying  a 
whole  head,  others  seven-eighths,  three-fourths,  &o,,  to  one-quarter  of  a  head,  or 
15  tomans  a  year.  The  Kedkhodas,  of  which  there  were  five,  paid  nothing,  and 
fixed  the  amount  each  rayot  had  to  pay.  Some  Syeds,  two  or  three  Mullas,  the 
barbers,  and  some  of  the  relatives  or  friends  of  the  Kedkhodas  were  also  exempted. 
The  barbers  of  the  district  possess  Firmans  of  the  Sefavfeh  monarchs,  exempt- 
ing them  from  taxes  in  perpetuity.  I  saw  Firmans  of  Shah  T4m&Bp  dated 
A.H.  1038,  of  Shah  Abbas  dated  1062,  and  of  Shah  Sultan  Hussein  dated  1091. 

The  salt  mine  was  given  to  the  Syeds  of  the  village,  in  lieu  of  250  tomans 
pension  during  Kertm  Kh&n's  reign ;  the  Syeds  later  sold  their  right  to  the  salt 
mine  for  about  2,000  tomans  to  some  of  the  viUagers,  who  since  then  call  the 
mine  their  private  property.  In  the  Government  accounts,  however,  the  mine 
stiU  figures  as  Grown  property,  at  a  yearly  rent  of  250  tomans,  and  this  sum  is 
included  in  the  8,000  tomans  which  the  Government  receives  from  tiie  turquoise 
mine  and  its  villages.  From  the  21st  March,  1882,  His  Majesty  the  Shah  gave 
the  turquoise  mines,  and  the  thereto-belonging  district,  to  the  Mukhber-ed- 
Dowleh  for  a  period  of  fifteen  years,  and  the  Mukhber-ed-Dowleh  agreed  to  pay 
9,000  tomans  the  first  year,  and  18,000  tomans  for  the  remaining  fourteen  years. 

CUunfioation  of  turquoises. — The  turquoises  are  at  the  mines  first  divided  in 
three  classes  or  kinds :  (1)  Angushtari ;  (2)  Barkhftneh ;  (3)  Arabt. 

1.  All  turquoises  of  good  and  "  fast "  colour  and  favourable  shape  are  classed 
with  the  Angushtari  stones  (ring  stones).  They  are  sold  by  the  piece.  It  is 
impossible  to  fix  any  price  or  classify  them  according  to  different  qualitiee.  I 
have  not  yet  seen  two  stones  alike.  A  stone  two-thirds  of  an  inch  in  length,  two* 
fifths  of  an  inch  in  width,  and  about  half  an  inch  in  thickness,  cut  "  peikani  ** 
shape,  was  valued  at  Meshed  300Z. ;  another  of  about  the  same  size,  shape,  and 
cut  was  valued  at  only  80Z.  Turquoises  of  the  size  of  a  pea  are  sometimes  sold 
for  SI,  The  colour  prized  most  is  the  deep  blue  of  the  sky.  A  small  speck  of  a 
lighter  colour,  which  only  connoisseurs  can  distinguish,  or  an  almost  unappre* 
ciable  tinge  of  green,  decreases  the  value  considerably.  Then  there  is  that  un- 
definable  property  of  a  good  turquoise  the  "  zat/'  something  like  the  "water  "  of 
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a  diamond  or  the  lastre  of  a  pearl ;  a  fine  coloured  tnrqnoise  without  the  "zat" 
is  not  worth  much.  A  deep  colour,  almost  an  indigo-like  blue,  is  called  ''  talkh  " 
bitter,  and  decreases  the  value  of  the  stone.  The  best  Angushtarf  stones  are 
found  in  the  Kh&ki  diggings,  and  in  the  Abdurrezzftgt  mine. 

2.  The  barkhaneh  stones  are  generally  divided  into  four  qualities  and  are  sold 
by  weight.  The  first  quality  costs  at  the  mines  1,500  to  1,600  tomans  per  Tabriz 
mann,  equal  to  about  901,  per  lb.  The  fourth  quality  is  worth  70  to  80  tomans  per 
mann.  Only  the  first  and  part  of  the  second  quality  are  sent  to  Europe ;  the  others 
are  sold  in  the  country  to  Persian  jewellers  and  goldsmiths,  particularly  at  Meshed, 
and  are  employed  for  encrusting  Persian  articles  of  jewellery,  amulets,  dagger 
and  sword  hilts  and  sheaths,  horse  trappings,  pipeheads,  &c.  One  can  at  Meshed 
buy  small  cut  turquoises  of  the  third  qualify  at  the  rate  of  28,  to  Ss,  per  1,000. 
Many  of  the  b^khaneh  turquoises  sent  to  Europe  are  employed  by  the  European 
jewellers  for  rings,  but  the  mere  fact  of  the  miners  themselves  not  classing  them 
with  the  Angushtart  stones  proves  that  they  are  not  of  the  first  quality. 

3.  Araht  turquoises. — All  stones  not  belonging  to  the  first  two  kinds  are 
called  Arabi.  Their  name  is  of  recent  origin,  and  was  first  adopted  by  the  people 
at  the  mines  for  bad  and  in  Persia  unsaleable  stones.  Some  of  the  miners  when 
on  a  pilgrimage  to  Mekka  had  taken  with  them  a  quantity  of  bad  turquoises  and 
had  sold  them  well  to  the  Arabs.  Since  then  any  pale-coloured  or  greenish  and 
spotted  turquoise  is  called  Arabi.  The  whitish  turquoises  of  this  kind  are  called 
shirb^mi,  or  shirfim,  and  round  pieces  with  a  white  crust  are  called  chaghlUeh. 
Many  of  the  so-called  Arabi  turquoises  are,  however,  bought  by  Persians,  and 
some  also  go  to  Europe.  The  large  fiat  pieces  and  slabs  used  for  amulets, 
brooches,  belt  buckles,  &c,,  at  the  mines  called  tdf41,  are  now  classed  with  the 
Arabi  stones,  although  some  of  them  are  very  much  esteemed :  pieces  of  2  inches 
in  length,  1  in  width,  and  ^  in  thickness,  being  sometimes  valued  at  10  tomans. 
Stones  of  a  greenish  colour,  called  Oul-i-K&sni  (chicory)  are  bought  principally 
by  Afghans.  I  have  seen  about  12  lbs.  in  weight  of  pale-coloured,  uncut^  t&fy 
stones,  sold  at  the  mines  for  180  tomans. 

Sale  of  turquoises, — About  200  men  of  the  village  work  in  the  mines  and  in 
the  Kh^  diggings,  and  twenty-five  or  thirty,  the  Rish-i-SaHds,  Elders  of  the 
village,  buy  the  turquoises  and  sell  them  to  merchants  and  jewellers,  either  at 
Meshed  or  at  the  mines.  The  original  finders  of  the  turquoises  do  not  gain 
much ;  a  man  who  works  in  the  mines  gains  on  an  average  5  krans  per  diem  in 
turquoises.  Work  in  the  mines  is  difficult,  but  sure ;  a  miner  never  returns 
empty-handed.  In  the  diggings  the  work  is  comparatively  easy,  but  the  finding 
of  a  turquoise  is  a  matter  of  chance.  It  often  happens  that  a  miner,  after  work- 
ing hard  for  a  few  months  in  the  mines,  and  having  saved  a  few  tomans,  tries 
his  chance  at  the  diggings,  works  there  finding  nothing  till  his  money  is  finished, 
sells  and  pawns  his  goods  and  chattels,  still  finds  nothing,  and  finally,  to  keep 
starvation  out  of  the  doors,  has  to  return  to  the  mines.  Good  workmen  never  go 
to  the  Kh&ki  diggings,  but  send  their  children  there.  Of  the  200  miners  at  the 
village,  quite  130  work  in  the  mines ;  the  old  and  the  weak,  or  those  who  possess 
a  little  property  and  are  in  no  want  of  a  certain  daily  gain,  and  the  lazy,  work 
in  the  Kh&ki.    During  the  summer  months  many  strangers  come  to  the  mines 
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and  tiy  their  chance  at  the  diggings.  The  Btsh-i-Safids  generally  buy  the  tur- 
quoises direct  from  the  workmen,  and  then  sell  them  to  the  merchants  at  Meshed 
or  to  *'  dellils  "  (commission  agents)  who  visit  the  mines.  The  first  profit  on  all 
turquoises  is  never  less  than  10  per  cent.,  generally  amounts  to  20  per  cent. 
That  is,  one  of  the  Bish-i-SaSds  buys  turquoises  for  10  tomans  from  a  miner  or 
from  different  miners  and  sells  them  to  a  "  dellAl "  for  12  tomans.  The  "  dell&l  '* 
goes  to  Meshed  and  sells  them  to  the  dealers  for  14  or  15  tomans.  The  dealer 
sorts  them,  sells  some  of  them  in  the  country  and  sends  the  remainder  to  Europe, 
generally  to  Moscow,  where  they  are  sold  by  special  **  dellils  "  to  the  European 
dealers.  It  may  be  calculated  that  turquoises  bought  for  10  tomans  at  the  mines 
are  sold  for  25  tomans  in  Europe.  It  is  strange  that  European  dealers  have  up 
to  now  not  thought  it  worth  their  while  to  send  their  own  agents  to  the  mines. 

The  miners  themselves  rarely  cut  their  turquoises,  and  they  therefore  seldom 
know  if  they  have  found  any  good  stones  or  not.  The  Blsh-i-Saftd,  who  is  the 
first  buyer,  however,  often  half  cuts  the  turquoises,  and  is  then  enabled  to  sort 
them.  The  Angushtari  turquoises  are  then  put  aside  and  sold  singly,  and 
enormous  profits  are  often  made. 

The  above-mentioned  300  Z.  Meshed  turquoise  was  bought  from  the  finder  by 
one  of  the  Bish-i-Safids  for  3Z. ;  the  latter  sold  it  still  uncut  at  Meshed  for  38Z. 
As  soon  as  it  was  cut,  its  true  value  became  apparent,  and  it  was  sent  to  Paris, 
where  it  was  valued  at  600L  The  second  purchaser,  however,  received  only 
340Z.  for  it ;  the  difference  was  gained  by  the  agents. 

The  annual  output  of  the  mines,  mountains,  and  diggings,  averaged  for  the 
last  few  years  25,000.  tomans'  worth  of  turquoises,  valued  at  the  mines.  The 
final  purchasers  probably  pay  three  times  this  amount. 

Gutting  turquoises,  8fc. — The  turquoises  are  now  generally  cut  by  wheels  made 
of  a  composition  of  emery  and  gum.  The  emery  is  brought  from  BadakhshAn, 
the  gum  from  India.  The  cutter  drives  the  wheel  with  his  right  hand  by  means  of 
a  stick  and  a  piece  of  string,  which  latter  is  twisted  round  the  axle  of  the  wheel ; 
he  holds  the  stone  with  his  left  hand  against  the  wheel,  the  thumb  and  one 
finger  holding  the  stone  being  protected  by  rags,  leather,  or  flat  pieces  of  wood. 
Wheels  have  not  been  in  use  long,  perhaps  only  thirty  years.  Formerly  all  tur^ 
quoises  were  cut  on  slabs  of  sandstone.  The  turquoise  was  held  by  a  slit  in  a 
piece  of  wood,  and  was  rapidly  rubbed  up  and  down  the  stone.  Even  now  many 
stones  are  cut  in  this  manner.  Very  small  stones  are  seldom  ever  cut  on  the 
wheel,  but  always  on  the  sandstone.  After  the  turquoises  have  been  cut,  they 
are  polished  by  being  rubbed,  first  on  a  slab  of  very  fine  grained  sandstone 
C  masgal"),  and  then  on  a  piece  of  soft  leather  with  turquoise  dust  which  has 
been  collected  from  the  wheels.     This  polishing  process  is  called  "  jel4  d4dan." 

The  pay  of  a  turquoise  cutter  at  the  mines  or  at  Meshed  is  1  to  2  krans  per 
diem,  the  cutter  providing  wheel  and  other  necessaries.  A  cutter  on  stone 
receives  never  more  than  1  kran  per  diem.  The  final  polishing  is  generally  done 
by  children,  who  receive  one-third  to  one-half  kran  per  diem.  One  man  can  cut 
a  handful  of  turquoises  a  day  ;  one  polisher  suffices  for  three  cutters.  Turquoises 
are  cut  in  various  shapes.  The  shape  depends  on  the  size  and  original  shape  of 
the  stone,  as  well  as  on  its  quality.    The  two  principal  shapes  are  the  '*  peik^ni " 


140  Becords  of  the  Oeologieal  Survey  of  India.         [vol.  xni. 

ftnd  the  **  jnnssatali/* — tliat  is,  the  conical  and  the  flat.  The  lefls  the  ocme  is  trim, 
eated,  the  more  the  turquoise  is  prized ;  and  again  a  conical  torqnoise  with  an 
elliptical  base  is  worth  more  than  one  with  a  circular  base.  Turquoises  not 
possessing  sufficient  thickness  for  the  ''peikftnt"  cut,  and  being  thicker  than 
necessary  for  the  flat  cut,  are  cut  en  cabochon^  and  the  higher  the  convex  surface 
the  more  the  value  of  the  turquoise.  Only  very  fine  and  deep-coloured  turquoises 
are  cut  in  the  *'  peik&nt "  shape ;  the  apex  of  a  bad  and  pale-coloured  tuiqumse 
would,  if  cut  "  peik&nt "  shape,  appear  almost  white.  The  slabs  of  the  Arabt 
quality  are  generally  cut  plane,  seldom  with  a  convex  surface.  Smaller  stones 
are  employed  for  seals,  larger  stones  for  amulets,  Axi.  The  larger  stones  are 
never  free  of  flaws,  and  seldom  have  a  good  colouri  but  the  jeweUers  very  cleverly 
hide  the  flaws  with  a  scroll-work  of  gold,  or  if  there  be  any  characters  engraved 
on  the  stone,  they  manage  to  place  the  letters,  and  particularly  the  diacritical 
points,  just  over  the  flaws.  I  have  seen  sold  at  the  mines  a  slab  2  inches  in 
length  for  25  krans ;  it  had  in  parts  a  very  beautiful  colour,  but  the  greater  part 
of  it  was  full  of  black  spots  and  veins.  This  slab  was  worked  up  by  a  jeweller  at 
Meshed,  with  a  verse  of  the  Ooran  and  some  scroll-work,  and  sold  for  60  tomans; 
all  the  spots  and  veins  had  disappeared. 

Historical  note. — Some  of  the  inhabitants  of  the  Mad^n  village  say  that  their 
ancestors  were  Jews,  others  say  that  their  ancestors  came  originally  from  Badakh- 
sh&n,  where  they  were  ruby-cutters.  Many  of  the  inhabitants  are  8yeds  of  the 
family  of  the  fifth  Im&m,  and  one  of  the  sons  of  that  Im&m  lies  buried  at  iht 
village  Qerm&b,  a  few  miles  north-west  of  the  mines.  In  a  genealogical  tree  of 
one  of  these  Syeds,  written  in  the  fourteenth  centuiy,  I  noticed  that  the  name  of 
the  Mad^n  village  was  formerly  Pash&n,  changed  later  on  into  FishAn.  The  tur- 
quoise mines  are  rarely  mentioned  in  Persian  histories. 

Salt, — The  north-eastern  part  of  Khorassan  has  three  important  salt  mines : 
the  mine  near  Sherif&bftd,  24  miles  south  of  Meshed ;  that  of  Abjii,  15  miles 
from  Nish&pib  ;  and  that  of  the  turquoise  mines.  Meshed  and  its  environs,  and 
the  village  as  far  as  G-adamg&h,  about  16  miles  to  the  south-east  of  Nishftpiir, 
take  their  salt  from  the  first  mine.  Nishap^r  and  its  villages  are  provided  from 
the  second,  and  all  the  country  to  the  north  as  far  as  Kiich&n  and  even  Ask&bftd 
take  their  salt  from  the  last  mine,  the  one  belonging  to  the  turquoise  mine  village. 
This  last  mine  has  thus  the  greatest  sale.  It  sells,  at  a  low  estimate,  15,000 
loads  at  llOl.  to  1802.  each  per  annum,  or  a  total  quantity  of  about  1,100  tons. 
The  salt  is  sold  at  the  mine  at  the  rate  of  1  kran  per  donkey-load,  which  is  equal  to 
about  13  krans,  say  about  9^.  per  ton.  The  expenditure  of  obtaining  this  quantity 
hardly  amounts  to  120Z.  per  annum ;  the  salt  mine,  therefore,  had  been  worked  by  the 
people  who  held  it  at  a  rent  of  250  tomans  per  annum  at  an  enormous  profit.  The 
rent  was  therefore  increased  to  600  tomans  last  year,  and  to  1,000  tomans  this  year. 

The  work  at  the  mines,  1882-83, — I  have  mentioned  that  the  Mukhber-ed- 
Dowleh  obtained  from  His  Majesty  the  Shah  the  concession  of  the  turquoise 
mines  for  fifteen  years,  to  begin  from  the  21st  March  1882.  The  Shah  was  to 
receive  9,000  tomans  for  the  first,  and  18,000  tomans  for  each  of  the  remaining 
fourteen  years.  The  Mukhber-ed-Dowleh  took  in  partnership  Amtn-ed-Dowleh, 
Nassir-ed-Dowleh,  and  two  Tehran  merchants,  Hajji  Ali  Nagi  and  AbdulbagI, 
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and  agreed  to  abont  three-fifihs  of  the  responsibilities,  the  other  two-fifths  being- 
divided  between  the  fonr  other  partners.  I  was  sent  to  the  mines  in  April 
1882  as  Director  of  the  mines  and  Qovemor  of  the  thereto-belonging  district.  1 
had  orders  to  work  all  the  mines,  mountains  and  Kh&ki,  and  monopolise  the 
whole  torquoise  trade  for  the  Company,  by  sending  all  turquoises  to  Tehran.  I 
had  fall  authority  to  act  as  1  considered  best  for  the  profit  of  the  Company 
r^;arding  the  working  of  the  mines,  increasing  or  abolishing  taxes,  ^.  I 
arrived  at  the  mines  in  May,  and  had  after  a  fortnight  organised  an  adminis- 
tration,  arranged  the  proper  working  of  the  mines,  and  abolished  the  promis- 
cuous sale  and  purchase  of  the  turquoises  by  the  rayots.  As  I  worked  all  the 
mines  for  the  benefit  of  the  Company  the  rayots  could  in  justice  not  be  expected 
to  pay  any  tax  on  the  mines,  and  1  reduced  the  8,000  tomans  they  paid  when  in 
possession  of  all  the  mines  to  500  tomans,  which  1  calculated  on  their  sheep,  cattle, 
fields,  iui.  The  rayots  were  veiy  much  satisfied  with  this  arrangement,  but 
difficulties  soon  arose.  The  partners,  instead  of  letting  me  do  as  1  considered  best, 
and  as  really  was  best  for  them,  interfered  continually.  Every  day  I  received 
different  orders ;  the  Bish-i-Safids,  who  under  the  new  regime  found  themselves 
deprived  of  the  gains  they  formerly  had  when  they  could  buy  turquoises  from 
the  mines  and  sell  them  at  Meshed,  intrigued ;  the  partners  of  the  Company 
neglected  to  supply  me  with  money,  and  once  when  I  had  kept  the  miners  seven 
weeks  without  their  wages  there  was  a  strike ;  the  villagers  revolted,  &c.  In 
spite  of  all  these  difficulties  I  worked  the  mines,  if  not  at  a  profit,  certainly  not 
at  a  loss,  and  left  them  in  May  of  this  year. 

The  work  in  1883, — The  partners  then  arranged  to  take  again  a  tax  from  the 
villagers,  8,000  tomans  instead  of  5,000  as  before,  work  a  few  mines  themselves, 
and  let  others  separately  to  some  of  the  Bish-i-Safids  and  villagers.  They  also 
continue  to  monopolize  the  turquoise  trade  and  prohibit  the  selling  of  the  tur- 
quoises by  the  rayots  to  others  but  their  agents.  They  have  wisely  discontinaed 
the  dispatch  of  all  turquoises  to  Tehran  as  well  as  the  cutting  of  them  at 
Tehran.  They  now  keep  only  the  good  turquoises  and  sell  the  inferior  qualities 
at  the  mines  or  at  Meshed.  The  mines  may  with  these  arrangements  be  worked 
without  a  loss,  but  the  profit,  if  there  is  any,  is,  as  can  be  seen  from  the  following 
estimate  of  income  and  expenditure,  very  small : — 

Incomb. 

Present  income  and  expenditure. 

Tomans.' 
Taxes  on  tnrqaoise  mines         .......      8,000 

„        salt  mine 1,000 

(These  two  sams  are  generally  paid  in  turqaoises.) 
Yalae  of  turquoises  obtained  from  the  three  or  four  mines  kept  by 

the  Company 6,000 

Profit  on  sale  of  tarquoises  bought  from  the  rayots,  and  re« 
ceived  in  lieu  of  taxes,  10,000  tomans  bought  and  9,000 
tomaus  taxes  .........      5,000 

Totid  income         .    20,000 


'  The  present  value  of  the  toman  is  6«.  8(2.— Foreign  Oifico,  January  188  It. 
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Tlio  two  last  items,  6,000  and  5,000  tomans,  are  maxima ;  whenever  they  do 
not  reach  those  figures,  which  is  very  prohable,  there  will  be  a  loss. 

Expenditure. 

Tomans. 
Yearly  rent  to  Govcniment      .......     18,000 

AdmiuUtration  expenses  .......       1,500 

Working  expenses  and'  wagctt,   &c.,  of  the   mines  kept  by   the 

Company         .........  500 


Total  expenditure         .     20,000 


Tehran,  October  6th,  1883. 


Notice  of  a  further  Fiery  Eruption  from  the  Minbyin  Mud  Volcano  of  Choduba 

Island,  Arakan. 

Ftvm  Colonel  E.  B.  Sladek,  M.S.C,  Commissioner  of  Arahdn,  to  the  &iperintendeiU, 
Geological  Survey  of  India,  dated  Akyab,  the  27th  May  1884, 

I  have  the  honour  to  annex  for  your  information  translation  d£  a  report  by 
the  Myook  of  Ghedul)a  Island  Township,  in  the  Kyouk  Pyu  District  of  this  Divi- 
sion, relative  to  a  volcanic  eruption  which  is  said  to  have  taken  place  on  the 
island  on  the  morning  of  the  28th  ultimo.  This  is  the  same  volcano  which  was 
in  activity  on  the  3Ist  December  1881,  as  reported  in  my  letter  under  date  the 
4th  January  1882.1 

Beport  of  Mm  Tha  Dun,  MyoSk  of  Cheduha  Tofonship^  Kyouk  Pyu  District, 

The  Myo6k  of  Chedaba  respectfully  begs  to  report  that  about  8  o'clock  on  the  morning 
of  the  23th  April  lust  the  volcano  ia  the  Minbyin  Circle  of  this  Township  was  observed  to  be 
in  eruption.  Tho  report  of  the  eruption  was  brought  to  me  by  the  Yazawootgoung  of  the 
place.    Appended  are  the  questions  put  him  and  his  replies  thereto : — 

Question,  Answer, 

1.  Did  the  eruption  burst  out  violently  or 

was  it  gradual  ?  ....  Sudden  and  violent. 

2.  To  what  height  did  the  flames  rise  P  .  Apparently  about  2,400  feet  (^tV). 

3.  Wliiit  was  the  circumference?  .         •  About  600  feet. 

4.  How  long  did  the  eruption  last  P      •         •  About  an  hour. 

t .  Did  the  flames  give  out  any  smell  P  .     A  smell  of  petroleum. 

(5.  Was  there  much  smoke  P         .         .         •    Yes,  dense  smoke. 
7.  Wub  mud  ejected  .^.         ....    Mud  and  gravel. 

'  Sec  Records,  Geolo^cal  Survoj  of  India,  Volume  XV,  page  111. 
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Beport  cm  the  Langrln  Goal  Field,   South- West  Khasia  Hills,  by  Tom.  D.  La 
ToucHE,  B.A.,  Geological  Survey  of  India.     (With  a  map.) 

On  my  retnm  from  the  Aka  expedition  in  the  beginning  of  February  last, 
I  made  arrangements  to  visit  and  examine  in  detail  the  coal  field  situated  in  the 
Khasia  Hills  to  the  north  of  Langrin  in  Sylhet,  one  section  in  which,  namely, 
that  near  Borsora,  I  had  visited  in  May  1883,  and  described  in  Vol.  XVI,  Part  3 
of  the  Records  for  that  year.  In  that  report  I  drew  attention  to  the  similarity 
between  that  section  and  the  one  described  by  Colonel  Godwin- Austen  as  occurring 
on  the  Um  Pin,  a  tributary  of  the  Um  Blay,  about  10  miles  to  the  north-west 
of  Borsora  (J.  A.  S.  B.,  Vol.  XXXVIII,  Part  II,  No.  1,  1869),  and  the  object 
I  had  in  view  was  to  find  out  whether  the  coal-bearing  rocks  were  continuous 
in  the  intermediate  area,  and  to  search  for  other  sections  of  the  coal  seams. 
Owing  to  the  difficulty  of  procuring  coolies,  and  my  having  to  march  across  the 
hiUs  from  Gauhati,  I  did  not  reach  the  coal  field  till  the  last  week  in  February, 
and  so  was  not  able  to  do  as  much  as  I  had  intended ;  but,  as  far  as  they  go, 
the  result  of  my  investigations  has  been  satisfactory.  The  coal-bearing  rocksi 
are  exposed  over  an  area  of  nearly  30  square  miles,  and  at  several  points  in  this 
area,  I  have  found  exposures  of  coal  at  about  the  same  horizon  s&s  that  of  tho 
above-mentioned  sections,  so  that  there  can,  I  think,  be  little  doubt  that  there  is 
a  large  amount  of  coal  available  here  within  a  short  distance  of  the  plains. 

The  area  examined  is  a  plateau  roughly  triangular  in  shape,  bounded  on  tho 
north-east  by  a  steep  scarp  overlooking  the  river  Um  Blay,  on  the  south  by 
the  plains  of  Sylhet,  and  on  the  west  by  a  range  of  hills  of  newer  formation  than 
the  coal-bearing  rocks.  The  average  elevation  of  this  plateau  is  about  1,500 
feet  above  the  plains,  its  surface  sloping  gradually  (at  an  angle  of  5^  to  7^)  to 
the  south-west,  and  descending  abruptly  on  the  south  to  the  plains.  It  is 
deeply  trenched  by  several  small  streams,  the  two  principal  being  the  Um  Plu 
flowing  north-east  into  the  Um  Blay,  and  the  Um  Soor  flowing  south  into  tho 
plains.  Both  of  these  have  cut  far  back  into  the  plateau,  and  flow  in  narrow 
gorges  several  hundred  feet  deep.  Numerous  smaller  streams  flow  into  the  plains, 
the  principal  drainage  being  in  this  direction.  On  examination  of  the  rocks 
forming  the  plateau,  these  features  are  found  to  be  due  to  the  fact  that  they  dip 
to  the  south-west  at  the  same  angle  as  the  general  inclination  of  the  surface 
until  near  the  steep  slope  above  the  plains,  where  they  bend  over  to  the  south 
at  an  angle  of  about  30^,  on  the  line  of  the  flexure  which  runs  along  the  south- 
em  edge  of  the  Jaintia  and  Khasia  Hills  from  the  Jatinga,  north  of  Silchar, 
and  are  quickly  buried  beneath  the  alluvium  of  the  plains.  The  geology  of  the 
plateau  is  very  simple,  and  the  succession  of  the  rocks  is  well  seen  on  ascending 
to  it  from  Bilang  Bazaar  up  the  scarp  overlooking  the  Um  Blay.  In  the  bed 
of  the  river  and  forming  cliffs  on  either  side  of  it  rising  to  100  feet  or  so  in 
height,  the  lowest  rock  of  the  plateau,  the  Sylhet  trap,  is  seen.  This  rock  need 
not  be  further  noticed  here.  Upon  it  rests  the  lower  beds  of  the  cretaceous 
series,  about  1,000  feet  of  coarse  felspathic  sandstone,  purple  and  blue  in  colour, 
with  strings  and  lenticular  beds  of  well-rolled  quartz  pebbles.  This  rock  forms 
a  steep  scarp  immediately  over  the  river,  and  extends  for  about  half  a  mile  beyond 
the  upper  scarp,  which  rises  for  another  1,000  feet  above  it.     The  rocks  in  the 
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No.  1  does  not  cake ;  ash  pale  red. 

No.  2  cakes ;  ash  red. 

With  regard  to  the  working  of  the  coal,  I  would  recommend  that  the  ezpo- 
snres  on  the  southern  edge  of  the  field,  those  nearest  to  the  plains,  shonld  be 
opened  out  first,  as  the  cost  of  carriage  from  the  mines  would  be  rednoed  to  a 
minimum.  Then,  as  the  demand  for  the  coal  increased,  the  workings  might  be 
pushed  further  into  the  hills.  The  coal  might,  I  think,  be  used  with  advantage 
in  the  burning  of  the  limestone,  which  is  quarried  at  the  foot  of  the  hills.  At 
present  the  limestone  is  quarried  in  the  cold  weather,  taken  during  the  next  rains 
to  Sunamgunj  on  the  Surma,  where  it  has  to  remain  till  the  next  cold  weather, 
during  which  it  is  burnt  in  a  wasteful  manner  in  holes  in  the  liver  banks,  the 
fuel  used  being  reeds.  It  has  then  to  be  stored  in  the  godowns  till  the  rains, 
when  it  is  carried  to  market.  (Dr.  Oldham,  Mem.  Qeoh  Survey,  VoL  1, 
Pt.  II,  1858.)  Two  years  thus  elapse  between  the  time  that  the  stone  is  quar- 
ried and  delivered  as  lime  in  Calcutta,  Whereas  if  the  coal  on  the  spot  were 
used,  and  kilns  of  the  European  pattern  built,  the  limestone  might  be  quarried 
and  burnt  during  the  cold  weather,  and  the  lime  shipped  ofE  in  the  next  rains, 
whereby  a  great  saving  in  time  and  labour  would  be  effected.  The  analyses 
given  above  show  that  the  coal,  owing  to  the  small  quantity  of  ash  contained 
in  it,  would  be  excellently  suited  for  burning  lime. 


Additional  notes  on  the  Umaria  Coal  Field  (South  Bewah  Gondwana  Basin),  hy 
Theodore  W.  H.  Hughes,  A.R.S.M.,  C.E.,  F.G.S.,  Oeologuxd  Survey  of 
India. 

At  the  close  of  my  last  year's  notice  of  progp*ess  in  connection  with  the  Umaria 
ooal  field,  I  expressed  the  hope  that  another  six  months  would  furnish  us  with 
data  enough  to  give  practical  answers  to  all  practical  questions.  I  am  happy  to 
say  that  the  necessaiy  stage  in  our  investigations  has  been  reached  which  enables 
us  to  do  so,  and  I  think  I  may  now  write  authoritatively  as  to  the  capabilities 
and  value  of  the  coal  deposits. 

The  main  point  shadowed  in  doubt  was,  whether  the  seam,  which  at  its  out-crop 

measured  only  4  feet  2  inches  to  4  feet  8  inches,  increased 
•  ^n^^^  *^**^°'     ^  *  ^^^  efficient  thickness  to  the  deep.    The  records  of 

the  borings  were  all  in  favour  of  the  expression  of  most 
sanguine  views,  but  unf  6rtunately  the  only  direct  unquestionable  evidence  as  to 
the  behaviour  of  the  coal  rather  damped  the  ardour  of  one's  hopes.  There  was 
no  augmentation  of  the  seam  in  the  inclines,  though  the  latter  had  been  advanced 
some  considerable  distance  to  the  deep,  and  expectation  had  accordingly  to  be 
buoyed  up  by  faith  in  the  testimony  of  the  journals  handed  down  by  Mr.  Stewart 

in  1882. 

There  was,  however,  the  possibility  that  these  might  have  been  coloured  by  the 

bias  of  one's  proclivities,  and  that  shales,  which  were  no- 

Po88ible  inaccuracy  of      ^j^.^^  ^^^  ^^^^  carbonaceous,  had  been  merged  in  coal, 

journa  g.  ^^^  ^^^^  ^^  excessive  proportion  of  the  latter  had  been 

registered.     To  those,  therefore,  who  maintained  an  attitude  of  incredulity  in  the 
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No.  1  does  not  cake ;  ash  pale  red. 

No.  2  cakes ;  ash  red. 

With  regard  to  the  working  of  the  coal,  I  would  recommend  ihafc  the  expo- 
snres  on  the  southem  edge  of  the  field,  those  nearest  to  the  plains^  should  be 
opened  out  first,  as  the  cost  of  carriage  from  the  mines  would  be  reduced  to  a 
minimum.  Then,  as  the  demand  for  the  coal  increased,  the  workings  might  be 
pushed  further  into  the  hills.  The  coal  might,  I  think,  be  used  with  advantage 
in  the  burning  of  the  limestone,  which  is  quarried  at  the  foot  of  the  hills.  At 
present  the  limestone  is  quarried  in  the  cold  weather,  taken  during  the  next  rains 
to  Sunamgunj  on  the  Surma,  where  it  has  to  remain  till  the  next  cold  weather, 
during  which  it  is  burnt  in  a  wasteful  manner  in  holes  in  the  liver  banks,  the 
fuel  used  being  reeds.  It  has  then  to  be  stored  in  the  godowns  till  the  rains, 
when  it  is  carried  to  market.  (Dr.  Oldham,  Mem.  Qeoh  Survey,  VeL  1, 
Pt.  II,  1858.)  Two  years  thus  elapse  between  the  time  that  the  stone  is  quar- 
ried and  delivered  as  lime  in  Calcutta.  Whereas  if  the  coal  on  the  spot  were 
used,  and  kilns  of  the  European  pattern  built,  the  limestone  might  be  quarried 
and  burnt  during  the  cold  weather,  and  the  lime  shipped  ofE  in  the  next  rains, 
whereby  a  great  saving  in  time  and  labour  would  be  effected.  The  analyses 
given  above  show  that  the  coal,  owing  to  the  small  quantity  of  ash  contained 
in  it,  would  be  excellently  suited  for  burning  lime. 


Additional  notes  on  the  Umaria  Coal  Field  (South  Bewah  Gondwana  Basin),  by 
Theodore  W.  H.  Hughes,  A.R.S.M.,  C.E.,  F.G.S.,  Geological  Survey  of 
India, 

At  the  close  of  my  last  year's  notice  of  progp*essin  connection  with  the  Umaria 
coal  field,  I  expressed  the  hope  that  another  six  months  would  furnish  uq  with 
data  enough  to  give  practical  answers  to  all  practical  questions.  I  am  happy  to 
say  that  the  necessaiy  stage  in  our  investigations  has  been  reached  which  enables 
us  to  do  so,  and  I  think  I  may  now  write  authoritatively  as  to  the  capabilities 
and  value  of  the  coal  deposits. 

The  main  point  shadowed  in  doubt  was,  whether  the  seam,  which  at  its  out-crop 

measured  only  4  feet  2  inches  to  4  feet  8  inches,  increased 

•  ^oN^^^  *^**^°'     ^  *  ^''''^  efficient  thickness  to  the  deep.    The  records  of 

the  borings  were  all  in  favour  of  the  expression  of  most 
sanguine  views,  but  unf 6rtunately  the  only  direct  unquestionable  evidence  ieis  to 
the  behaviour  of  the  coal  rather  damped  the  ardour  of  one's  hopes.  There  was 
no  augmentation  of  the  seam  in  the  inclines,  though  the  latter  had  been  advanced 
some  considerable  distance  to  the  deep,  and  expectation  had  accordingly  to  be 
buoyed  up  by  faith  in  the  testimony  of  the  journals  handed  down  by  Mr.  Stewart 

in  1882. 

There  was,  however,  the  possibility  that  these  might  have  been  coloured  by  the 

bias  of  one's  proclivities,  and  that  shales,  which  were  no- 

Possible  inaccuracy  of      ^-^^^  ^^^  ^^^^  carbonaceous,  had  been  merged  in  coal, 

journa  8.  ^^^  ^j^^  ^^  excessive  proportion  of  the  latter  had  been 

re^^istered.     To  those,  therefore,  who  maintained  an  attitude  of  incredulity  in  the 
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worth  of  the  Umaria  field,  this  contingency  and  the  steadiness  of  the  seam  in  the 
inclines  lent  force  to  their  views. 

Mj  own  position  was  one  of  trast  in  the  sections  that  our  preliminary  inyesti- 
^,   . ,    .  gations  revealed,  but  in  order  to  leave  no  room  for  carping, 

instructions  were  given  that  a  test  boring  should  be  carried 
out  in  the  northern  area  of  the  field,  where  the  seam  was  stated  to  be  10  feet 
thick,  and  that  if  it  confirmed  onr  previous  knowledge,  a  shaft  should  be  sunk,  to 
afford  facilities  for  examining  the  coal  and  procuring  samples  of  it. 

For  the  purpose  of  helping  forward  the  plan  of  working  that  I  had  submitted 
s       'ted*      "kaff        ^  Captain  Barr,  the  Political  Agent  and  Superintendent 

of  Bewah,  the  services  of  Mr.  Thomas  Forster,  M.E.,  were 
again  retained,  from  1st  November  1883,  and  with  him  were  associated  two 
young  assistant  mining  engineers,  M.  M.  Hughes-Hallett  and  Munsch.  Their 
efforts  were  directed  to  completing  No.  1  pit,  proving  Mr.  Stewart's  No.  9  bore 
hole,  continuing  the  incline,  and  commencing  a  second  shaft.  Matters  progressed 
fairly  well  during  the  first  month,  but  great  difficulty  was  experienced  in  mould- 
ing local  labour,  and  it  was  deemed  expedient  to  introduce  contract  work. 

After  a  short  trial,  it  was  found  to  be  distinctly  advantageous,  and  an  agree- 

ment  was  entered  into  with  Mr.  Stoney  of  Katni  to  pay 
^jy^^^^  RIO  per  foot  of  sinking  for  the  first  50  feet,  and  R12  for 

each  subsequent  foot  up  to  100.  For  driving  in  the  in- 
cline R4  a  ton  was  the  rate  fixed  upon. 

Two  skilled  native  fitters  and  a  carpenter  were  imported  from  Karharbari  to 

put  up  the  necessary  pit  head  gear  and  jins,  and  they 

1    rs  wages.  worked  very  satisfactorily.    They  had,  however,  to  be  paid 

Clirpeiiters  wages.  •'  j  j  ^  9  r 

high  wages,  R40  and  R30  a  month  respectively,  and  as 

soon  as  they  could  be  conveniently  dispensed  with,  they  were  discharged.  On 
the  western  side  of  India,  I  am  aware  that  these  wages  are  not  considered  out- 
rageous, but  in  Bengal  men  can  be  engaged  for  just  one-half  the  sum  we  had*  to 
offer. 

With  various  interruptions  from  causes  that  could  not  be  foreseen  and  guard- 

,_  ,     ,    .       ...  ed  ac^ainst,  each  shaft  was  taken  down  to  the  coal.    There 

Water  during  sinking.  °  . 

was  fortunately  no  dimculty  m  dealing  with  water  until 

the  seam  was  reached,  a  pair  of  ordinary  sinking  buckets  being  quite  sufficient  to 
keep  the  pits  dry.  We  were  prepared,  however,  for  an  influx  when  the  coal  was 
tapped,  but  though  this  fear  was  confirmed  in  the  case  of  No.  1  shaft,  strange  to 
say  in  No.  2,  where  a  much  larger  rush  was  anticipated,  no  body  of  water  was 
met  with.  In  one  sense,  the  drowning  of  No.  1  is  a  favourable  sign,  as  it  implies 
the  probability  of  a  more  extensive  area  of  coal  leading  to  it  than  had  at  first 
been  surmised. 

The  absence  of  water  in  No.  2  is  perhaps  owing  to  one  or  more  faults  cutting 

off  the  flow  in  the  direction  of  the  pit.  This  is  a  mere 
N    2  shafT         ***'"*     conjecture  offered  in  response  to  the   natural  surprise 

created  by  the  phenomenal  dryness  of  the  shaft.  Situated  as 
it  is  in  the  midst  of  a  very  much  larger  area  of  coal,  and  much  further  removed 
as  it  is  from  the  outcrop  of  the  seam  than  No.  1,  we  certainly   inferred  that 
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ihero  would  have  been  a  greater  volume  of  water  to  oope  with,  but  as  events 
have  proved,  our  apprehension  was  not  verified.  It  was  an  oxtremely  fortunate 
oircumstonoe  for  us,  as  we  were* spared  the  neoessity  of  indenting  for  expensive 
pumping  machinery,  and  were  enabled  the  sooner  to  bring  our  explorations  to  a 
decisive  issue. 

The  boring  intended  to  check  the  accuracy  of  the  pioneer  journals  was  put 
down  close  to  Mr.  Stewart's  No.  9  hole,  and  it  tallied  closely  witii  its  fdlow, 
the  sections  beiDg-^ 


No.  9  (1882).    T.  G.  Stswabt,  deteending. 
Smndstomti  and  shales. 


(a)  Coal        .... 

(b)  Garbonaceoos  shale 

(o)  Carbonaceous  shaly  sandstone 

(<0  Coal        .... 

(e)  Garbonaceoos  shiily  sandstone 

(f    Oarbonaceous  shale    . 

iff)  Coal        .... 

(A)  Carbooaceons  shale    . 

(0    Coal        .... 


2'0" 

ro" 

3'0" 

ICO" 

S'O* 

ro" 

S'O" 
I'O" 
CO" 


Total    29' 0" 


No.  9a  (1888).    A.  Mvfboh,  deaoendins. 
8andsioues  amd-skaUs. 

Coal 2'(r 

Carbonaoeons  shale  ,  2f  if 

Carbonaoeoos  shaly  sandstone,     .  8'  0" 

Garbonaceoos  shale  .  1'  0^ 

(cJ)  Coal ^(f 


Garbonaceoos  shale 
Coal 

Carbonaoeoos  shale 
Coal 

Garbonaceoos  shale 
Coal 


ro* 
ro" 

8'0' 


TOKAL   2sr(f 


Encouraged  by  the  assurance  of  coal  that  these  returns  afforded,  we  ^  set  out 

the  position  for  the  second  (or  No.  2)  shaft,  within  a  few 

season  the  seam  at  {d)  was  passed  through  and  an  open 
view  obtained  down  to  that  level.  There  are  7  feet  of  clear  coal,  and  all  the  stone 
interpositions  that  disfigure  the  seam  in  the  quarry  have  disappeared  with  the 
exception  of  the  clinker  band.  The  coal  is  firm  and  homogeneous  in  structure, 
and  has  all  the  promise  of  being  much  better  in  quality  than  that  out  in  the 
incline  and  which  was  selected  for  the  Calcutta  Exhibition  (1883*84). 

A  considerable  impetus  was  given  to  the  development  of  the  field,  by  the 

acceptance  on  the  part  of  the  Great  Indian  Peninsula 
c£o!VfI  n!^^T^     RaQway  of  a  tender  from  the  Rewah  State  to  supply 

2,000  tons  of  coal.  The  rate  was  ill3  a  ton  delivered 
into  the  wagons  at  Eatni,  As  neither  of  the  shafts  had  reached  coal,  the 
inclines  had  to  be  extended  much  more  than  was  originally  intended ;  but  with 
the  most  crude  and  unfinished  labour  and  system  of  working,  we  were  in  a  posi- 
tion to  meet  easily  the  demands  made  upon  us,  and  we  could  without  any  anxieiy 
have  faced  more  onerous  obligations. 

The  most  difficult  part  of  our  contract  was  the  carting  between  Umaria  and 

Katni.    We  had  calculated  that  the  Government  rate  of 
Difficolty   of   carting      3  ^^^  ^  ^^^  f^^  ^  i^^  ^f  ^4  maunds,  or  R6-12  a  ton, 
coal 

would  have  secured  us  as  many  carts  as  were  requisite  to 


1  Mr.  Hughes  was  nppointeil  Superintendent  of  the  Rcwah  Cool  Explorations  in  1682,  and  has 
remained  in  charge  to  date. — W.  K. 
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transfer  the  coal  to  the  railway,  but  we  found  that  nothing  so  favourable  could  be 

arranged ;  and  we  had  to  pay  from  R7-8  to  R8-7  to  R9-4  a  ton  for  carriage 

from  Umaria  to  Katni. 

There  is  an  excellent  fair-weather  road  from  one  place  to  the  other,  and  through- 

out  the  20  miles  that  it  runs  in  British  territory,   nearly 
Oood  road  between  n    xi         .  .  t    -i  t  i  • 

Umaria  and  Katni.       *"^  ^"^  streams  are  traversed  by  causeways.     In  making 

such  excessive  demands  as  the  carters  did,  I  presume 
they  were  reaping  out  of  our  necessities,  for  there  could  be  no  reasonable  cause  of 
complaint,  either  about  the  gradients  or  the  constitution  of  the  road.  It  is 
almost  level  throughout,  with  only  one  large  river  (the  Mahanadi)  to  cross,  and 
for  one-third  of  its  length  it  has  a  serviceable-  natural  metalling  of  laterite 
and  gneiss. 

About  1,600  tons  of  coal  were  raised  during  the  season.     At  first  the  output 
Q,     .  was  small  when  there  were  only  a  few  working  faces,  but 

as  we  headed  out  and  more  opportunity  of  getting  at  the 
coal  presented  itself,  12  to  15  tons  a  day  was  the  average  produce.  The  galleries 
were  6  feet  high  by  8  feet  broad.  Pillars  were  20  feet.  No  accidents  occurred 
to  those  employed  in  cutting,  and  the  roof  stood  perfectly  without  any  artificial 
support.  The  immunity  from  casualties  that  the  men  enjoyed,  encouraged 
them  to  persevere  in  their  new  occupation,  and  we  have  succeeded  in  laying 
the  foundation  of  a  small  mining  community.  I  am  sorry  to  say  that  na  attempt 
was  made  to  teach  the  use  of  the  pick,  either  as  practised  by  English  miners,  or 
in  some  modified  form,  though  I  particularly  wished  it ;  but  I  trust  this  omission 
will  be  rectified  next  year.  Nearly  550  tons  of  coal  were  delivered  to  the  Great 
Indian  Peninsula  Railway,  and  200  tons  of  slack  to  Mr.  Cook,  the  latter  paying 
at  the  rate  of  B8  per  100  maunds  at  Umaria.  Mr.  Cook's  object  was  to  have 
fuel  that  he  could  use  for  lime- burning  during  the  rains,  but  I  have  not  yet 
heard  whether  it  was  suitable. 

To  test  the  running  power  of  the  coal  on  the  Great  Indian  Peninsula  Bail- 
way,  Mr.  Forster  arranged  that  a  trial  trip  should   be 
unning  power  o  made  with    a  full-load   train.      Accordingly    the   local 

Foreman  of  the  line,  Mr.  Forster,  and  myself  left  Jabal- 
pur  on  the  12th  of  May  1884  with  a  baggage  train  of  an  average  gross  weighty 
excluding  the  engine  and  tender,  of  410  tons  that  ran  as  far  as  Sohagpur 
(122  miles).  A  report  of  the  result  achieved  has  been  submitted  to  the  Political 
Agent  of  Rewah  by  Mr.  Forster,  and  I  prefer  in  this  instance  to  quote  approxi- 
mately his  words : 

•'  By  the  kindness  of  the  Traffic  Saperintendentr  Mr.  Maurice,  we  were  given  a  full  train  load 

of  32  vehicles.    The  engine  supplied  by   Mr,   Watson,  of  the  Loco- 
Mr.  Forster'B  report.  ^^^.^^  Department,  was  aU  that  could  be  desired. 

«*  We  started  from  Jabalpur  at  10-20  P.M..  12th  May  1881,  arriving  at  Sohagpur  about  9  A.1C 
on  the  following  morning. 

"  I  am  exceedingly  glad  to  say  that  the  coal  steams  admirably  ;  and  even  when  going  up  hill 
with  the  full  load,  steam  was  blowing  off  from  the  safety  valve.  The  fire  was  cleaned  out  twice 
on  the  journey ;  not  that  it  was  really  necessary,  but  as  a  precautionary  measure  against  choking. 
During  the  trip.  I  noted  particulariy  that  very  few  sparks  were  thrown  out,  and  that  the  coal  was 
not  more  fuliginous  than  the  general  run  of  country  codL    At  starting  wo  had  8  tons  16  cwt. 
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19  lbs.  of  coal  on  the  tend«r,  lighting  np  of  engine  included.  The  unonnt  of  coal  left  on  tender 
after  completing  the  trip  was  1  ton  9  cwt.  2  qrs.  2  lbs.  The  consumption  on  the  jonmej  was 
therefore  2  tons  6  cwts.  1  qr.  21  lbs.    The  eraporation  was  5*4  lbs  to  1  lb.  of  coal." 

Redncing  these  fibres  to  the  standard  of  ponnds  consumed  per  train  mile, 
we  have  8,531  lbs.— 3,330  lbs.= 6,201  lbs.,  the  actual  amount  burnt.  Thpn 
/^f^^' =42-53  lbs.  per  train  mile.  This  is  only  slightly  in  excess  of  Karharbari 
coal,  and  is  far  less  than  Mohpani  and  Baniganj  coal,  the  comparison  being— 

Karharbari.^  Umaria.  Raniganj.^  Mohpani. 

40  lbs.  42  lbs.  51  lbs.  55  lbs. 

The  facts  now  established  in  regard  to  the  Umaria  coal  field  are- 
is^. — That  there  is  an  abundant  store  of  coal. 
2nd. — That  there  is  a  convenient  working  thickness  of  at  least  7  feet  of 

coal. 
Srd. — That  the  coal  lies  within  easy  access  of  the  surface. 
4th. — That  the  dip  is  slight. 
6th. — ^That  there  is  a  good  roof  to  the  coal. 
6th, — That  the  working  power  of  the  coal  is  almost  equal  to  the  Karharbari 

coal. 
7^%.— That  the  coal  measures  are  not  heavily  watered. 

Such  an  array  of  truths,  and  the  commanding  geographical  position  that  the 
Umaria  field  holds  as  an  area  of  supply  for  Western  and  North-Western  India, 
render  it  unnecessary  for  me  to  enter  into  a  lengthly  advocacy  of  the  expediency 
of  bringing  within  reach  of  public  use,  rvith  as  little  delay  as  possible,  the  splendid 
coal  resources  of  the  Bewah  State.  These  can  only  be  made  available,  however, 
by  cheapening  the  conveyance  between  Umaria  and  Katni  and  substituting  for 
the  native  gharrywallah  a  more  practical  form  of  carriage. 

At  present  the  Great  Indian  Peninsula  Railway  Company  are  willing  to  pay 
B13  a  ton  for  the  Umaria  coal,  but  such  a  price  as  this  would,  in  the  interests  of 
the  coal  itself,  limit  its  area  of  distribution  too  seriously  to  be  maintained.  The 
aim  of  those  who  may  eventually  work  the  coal  field  ought  certainly  to  be  to 
reach  as  far  over  Central  India  and  the  North- West  Provinces  as  possible,  and 
one  of  the  essential  means  to  this  end  is  a  broad  gauge  railroad  connecting 
Umaria  with  the  most  favourable  point  on  the  Jabalpur  branch  of  the  East  Indian 
line. 

It  is  to  be  hoped  that  no  unnecessary  procrastination  on  the  part  of  Government 
will  now  take  place  in  deciding  what  course  to  pursue,  so  that  a  cheap  market  may 
be  thrown  open  to  the  mutual  advantage  of  producer  and  consumer. 

^  Extracted  from  return  furnished  bj  the  Consulting  Engineer  to  the  OoTernment  of  India 
for  Guaranteed  Railways. 

Calcutta  ; 
ht  July  1884, 
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'  ADDITIONS  TO  THE  MUSEUM. 

Fboh  1st  Apsil  to  30th  Jvnb  1884. 

One  sample  eacli  of  pitch,  tar,  valveliDe,  mineral  tallow,  paraffin,  batching  oil,  lubricating 
oil,  and  boming  oil,  manufactured  from  Burmah  earth  oil,  and  a  sample  of  Burmah 
earth  oiL 

PSXSBNTID  BT  THB  '  RJlNGOON  OiL  CoMPUVY,'  BaKGOOH. 

Sample  of  a  chatoyant  jade,  called  '  cat*s  eye,'  said  to  be  from  Central  Asia. 

Pbxsbntbd  by  Libtttbnant-Colonbl  Sis  0.  B.  C.  St.  John,  K.C.S.I.,  B.E. 

Twenty-seven  specimens  of  clays,  glazing  materials,  and  pigpnents,  used  in  the  manufacture 
of  Indian  pottery  at  the  Bombay  '  School  of  Art.' 

Pbbsbktbd  by  B.  a.  Guptb,  Hbad  Clbbe,  '  School  of  Abt,'  Bombay. 

A  model  of  the  'Gor-do-Nor'  diamond,  recently  found  in  the  Bellary  district,  Madras. 
Presidency. 

Pbbsbntbd  by  Me88B8.  P.  Obb  and  Sons,  Madbas. 

Thirty-two  specimens  of  rocks  from  Dalhousie  region. 

Pbbsbnt£d  by  Colonbl  C.  a.  McMahon,  F.G.S.,  Dalhousib. 

Specimens  illustrating  the  malleability  of  sheet  iron  used  for  tin-plate  making,  from  the 
'  Wilden  Iron  Works,'  near  Stourport,  England. 

Pbbsbntbd  by  Mbbsbs.  E.  P.  &  W.  Baldwin,  England. 

A  palaeolithic  implement,  from  surface  of  laterite,  near  Katangi,  Eatni  tahsil,  Jabalpur 
district :  found  and  presented  by  Mrs.  W.  King. 
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Fboh  IsT  Afbil  to  30th  Junb  1884. 

Titles  of  Books,  Donors. 

Albbecht,  PAUL.^Sur   la    fossette    vermienne    du   crane   des    mammif^res.    8°  Pam. 

Bruxelles,  1884. 

Thb  Authob. 

Batlby,  Thomas. — A  pocket  book  for  chemists,  chemical    manufacturers,  metallurgists, 

dyers,  distillers,    brewers,  sugar  refiners,  photographers,    students,  &o* 
2nd  edition.    12""  London,  1881. 

Bbll,  Alonzo. — Report  on  the  hot  springs  of  Arkansas  made  to  the  Secretary  of  the 

Interior.    8"*  Pam.  Washington,  1882. 

HoMB  Dbpabtmbnt. 

Bowbbbank,  J.  S. — A  monograph  of  the  British  Spongiadse.    Edited,  with  additions,  by 

A.  M.  Norman.  Vol.  IV.  (lUy  Society.)    8°  London,  1882. 
Bbady,  G.  Stbwabdson. — A  monograph  of  the  free  and  semi-parasitic  Gopepoda  of  the 

British  Islands.  Vols.  II— HI.  (Ray  Society.)    8**  London.  1880. 
Bbobce,  Ebnbst  van  dbn. — Note  sur  un  nouveau  mode  de  classification  et  de  notation 

graphique  des  depots  g^ologiques  basd  sur  I'^tude  des  ph^nom^nes  de  la 

sedimentation  marine.    8°  Pam.  Bruzelles,  1884, 

Thb  AiTTHOB. 
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Titles  of  Boohs,  D(mor$, 

Bbonm's  Xlassen    nnd    Ordnangen  des    Thier-Beiehs.    Band  I.  Preinzoa,  Lief.    26-27. 

Band  II.  Porifera,  Lief.  3-5.  Band  VI.  Abth.  V.  Saugcthiere :  Mam- 
malia, Lief.  27.    8^  Leipzig,  1884. 

BucH,  Leopold  yon.— Gesammelte   Schriften.     Heransgegeben  Ton  J.  Ewald,  J.   Both 

und  W.  Dames.  Band  IIL    8°  Berlin,  1877. 

BucKTON,  GsosoB  BowDLEB. — Monograph  of   the  British  Aphides.  Vols.  III-IY.  (Ray 

Society.)     8**  London.  1881  &  1883. 

Cambbon,  Pbteb.— a  monograph  of  the  British  Phytophagous  Hymenoptera.    (Tenthredo, 

Sirex  and  Cynips,  Linn^.)  Vol.  I.  (Ray  Society.)    81*  London,  1882. 

Capbluni,  G. — Delia  Balena  di  Taranto  confrontata  con  quelle  della  nuova  zelanda  e  oon 

talune  fossili  del  Belgio  e  della  Toscana.    4^  Pam.  Bologna,  1877« 

H.  F.  Blakfobd,  Esq. 

Collins,  J.  H.— Mineralogy.    Vols.  I— II.  8"*  London,  1878  and  1883. 

DuMONT,  J.  B.— Synoptical   tables  of  modern  Chemistry.    Vol.  I.    Inorgamc  Chemistiy, 

part  5,  Metals — Manufactures.    8^  Calcutta,  1884. 
DUPONT,  Edovabd. — Notices  prdliminaires  sur  les  fouilles  ex^ut^es  sous  les  auspices  da 

Gouvemcment  Beige  dans  les  cavemes  de  la  Belgique.      Tome  I.    8° 

Bruxelles,  1867. 

H.  F.  Blanfobd,  Esq. 

Geological  Survey  of  Illinois.    Vol.  VII.    Geology  and  Pal»ontology.    8° Springfield,  1883. 

Pbofbssob  a.  H.  Wobthbv. 

Geology  of  Wisconsin.    Vxtb.  I  and  IV.     With  Atlas.    8°  Madison,  1883  and  1S82. 

SUPBBI17TB5DBNT,  P<7BU0  PbOPIBTT,  MaDISOH. 

Htatt,  Alphbus. — Genera  of  Fossil  Cephalopods.    8^  Boston,  1883. 

The  Authob. 

Jebtis,  Guoliblmo. — I  Tesori  Sotterranei  dell*  Italia.    Vols.  I— 11.    8°  Torino,  1873 — 74 

H.  F.  Blanfobd,  Esq. 

EiMO,  William. — Geology  at  a  glance.    5th  edition.   4^  Pam.  Dublin,  1863. 

Will.  Kino,  Esq. 

„  Synoptical  table  of  aqueous  rock-groups,  chiefly  British,  arranged  in 

their  order  of  superposition  and  chronological   sequence.    8*^  Pam. 
Dublin,  1863. 

Will.  Kino,  Esq. 

Ejng,  Will. — Notice    of    a  pre-hi«torks    burial    place   with  cruciform  monoliths,   near 

Mungapet  in  the  Nizam's  Dominions.    8"  Pam.  Calcutta,  1877. 

Thb  Authob. 

„  Des  Puits  Art^slens  a  Pcndichery,  et  de  la  possibility  de  reoouvrir  de 

sources  semblables  a  Madras.    8^  Pam.  Pondichdry,  1880. 

Thb  Authob. 

Pal^ontologie  Fran9ai8e.     Ire  S^rie,  Animaux  Invertdbr^s,  Terrain  Jurassique,  livr.  67  and 

68.     8°  Paris,  1884. 
QuBNSTEDT,  Fb.  Auo.-— Handbuch  der  Petrefaktenkunde.    Auflage  III,  Lief.  15.     8**  Tiibin- 

gen,  1883. 
Bitot,  £.— Description  de  la  preparation  m^canique  des  minerais  de  plomb  dans  le  Ober- 

Harz.    8^  Paris,  1851. 

H.  F.  Blanfobd,  Esq. 
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TUles  of  Boohs.  Donors, 

Sblla,  Quintiko. — Commemoraziome  f  aneVre  del  depntato  Sella.    Flsc.  Roma,  1884. 

CaMBSA  DEI   DsrUTATI. 

Shebidan,  p.  H. — Report  of  an  exploration  of  parts  of  Wyominji^,  Idaho,  and  Montana,  in 

Aagust  and  September  1882.    8°  Pam.  Washington,  1882. 

Home  Depabtment. 

Shobtt,  John.— The  hill  ranges  of  Southern  India.    Parts  1—6.    8**  Madras,  1870—1883. 

Special  catalogue  of  exhibits  in  the  Tasmanian  Court  at  the  Calcutta  International  Exhibi- 
tion, 1883-84.    8''  Calcutta,  1883. 

COMMISSIONEE   FOB  TASMANIA. 

Yebbeee,  R.  D.  M. — Kort  verslag  over  de  Uitbarsting  van  Krakataa   op  26,  27  en  28 

Augustus  1883.    8''  Pam.  Batavia,  1884. 

The  Authob. 

White,  C.  A.,  and  Aughrt,  Samuel. — Artesian  wells  upon  the  Great  Plains.    8°  Pam. 

Washington,  1882. 

Revenue  and  Aobicultubal  Depabtment. 

Zimmbemann  Chbistian. — Die  Wiederansrichtung  verworfener  Gauge,  Lager  und  Flotze. 

S""  Darmstadt,  1828. 

H.  F.  Blanfobd,  Esq. 

ZiTTEL,  Eabl  a. — Handbuch  der  Palaoontologie.    Band  II,  lief.  3.    8^  MtLnchen,  1884. 


PERIODICALS,  SERIALS,  &c. 

American  Journal  of  Science.    3rd  Series,  Vol.  XXVII,    Nos.  159 — 161.    8*^  New  Haven, 

1884. 

The  Editobs. 
American  Naturalist.    Vol.  I.    8*^  Salem,  Mass.  1868. 
Annalen  der  Phjsik  und  Chemie.    Neue  Folge.    Band  XXI,  heft  3 — 4,  and  XXII,  heft  6. 

8**  Leipzig,  1884. 
Annales  des  Mines.     8       S^rie,  Tome  I,  livr.  3,   and  IV,  livr.   4—6.    8®   Paris,    1882 

and  1883. 

L' Admins,  des  Mines. 

Annales  des  Sciences  Naturelles.    6°^^    S^rie,   Botanique,  Tome   XVII,  Nos.    2 — 6.      8^ 

Paris,  1884. 
Annales  des  Sciences  Naturelles.    6™«  S4rie,  Zoologie  et  Pal^ontologie,  Tome  XV,  Nos. 

6-6,  and  XVI,  Nos.  1—3.    8°  Paris,  1883. 
Annals  and  Magazine  of  Natural  History.    6th  Series,  Vol.  XIII,  Nos.  76 — 78.  8**  London, 

1884. 
Archiv  fUr  Naturgeschichte.    Jahrg.  XLIX,  heft  6,  and  L,  heft  1.    8*  Berlin,  1883-1884. 
Athenseum.  Nos.  2941—2964.    4""  London,  1884. 
Beiblatter  zu  den  Annalen  der  Phjsik  und  Chemie.     Band  VIII,  Nos.  2 — 6.    8^  Leipzig, 

1884. 
Biblioth^ue  Universelle.    Archives  des   Sciences  Physiques  et  Naturelles.    3°^^  P^ode, 

Tome  XI,  Nos.  1—2.    8°  Geneve,  1884. 
Biblioth^ue  Universelle  et  Revue  Suisse.    3"«   P^riode,  Tome  XXI,  Nos.   62 — 63,  and 

XXII,  No.  64.    ^  Lausanne,  1884. 
Botanisches  Centralblatt    Band  XVII,  Nos.  9-13,  and  XVIII,  Nos.   1—9.     8""  Cassel, 

1884 
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Titles  qf  Boohs.  Donors. 

Chemical  Newt.    Vol.  XLIX,  Nos.  1267—1280.    4"*  London,  1884. 

Colliery  Gaardian.    Vol.  XLVII,  Nos.  1209—1223.    Folio.  London,  1884. 

Das  Ausland.    Jahrg.  LVII,  Nos.  8—22.    4""  Munohen,  1884. 

Geological  Magazine.    New  Series,  Decade  III,  Vol.  t,  Nos.  3—6.    ff  London,  1884. 

Iron.    Vol.  XXIII,  Nos.  582—595.    Folio.  London,  1884. 

Journal  de  Conchyliologie.    3     S^rie,  Tome  XXIII,  No.  3.    8^  Paris,  1883. 

Journal  of  Science.    3rd  Series,  Vol.  VI,  Nos.  122>-124.    8*"  London,  1884. 

The  Ebitob. 
Journal  of  Indian  Art.    Nos.  1 — 2.    4**  London,  1884. 

RSYBKUB  AND  AgBICULTUBAL   DxPABTMBVT. 

London,  Edinburgh,  and  Dublin  Philosophical  Magazine  and  Journal  of  Science.    6th  Series, 

Vol.  XVII,  Nos.  106—109.    8°  London,  1884. 
Mining  Journal,  with  supplement    Vol.  LIV,  Nos.  2532 — 2545.    Folio.  London,  1884. 
Nature  Novitates.    Nos.  4—9.    S""  Berlin,  1884. 

Nature.  Vols.  XXIX,  Nos.  749—767,  and  XXX.  Nos.  758—762.    4°  London,  1884. 
Neues  Jahrbuch  ftir  Mineralogie,  (Geologic  und  Palaeontologie.   Jahrg.  1884,  Band  I,  heft 

3.    8**  Stuttgart,  1884. 
Pysontographica.    Band  XXX,  Theil  I,  and  Band  XXX,  Theil  I,  lief.   1.    4^  Cassel, 

1883. 
Petermann's  Geographische  Mittheilungen.    Band  XXX,  Nos.  3 — 5.    4P  Gotha,  1884. 

„  „  Supplement.    No.  74.    4^  Gotha,  1884. 

Professional  Papers  on  Indian  Engineering.    3rd  Series,  Vol.  II,  No.  5.    And  Index  to  Ist 

and  2nd  Series.    Flsc  Boorkee,  1884. 

Thomason  Collbgb  of  Civil  Enoikbbbiko. 

Quarterly  Journal  of  Microscopical  Science.    New  Series,  VoL  XXIV,  No.  94.    8^  London, 

1884. 
Zeitschrift  fur  Naturwissensohaften.    Folge  IV,  Band  II,  heft  6,    and  Band  III,  heft  1. 

8^  Halle,  1883-1884. 
Zoological  Record  for  1882.    Vol.  XIX.    8°  London,  1883. 


GOVERNMENT  SELECTIONS,  REPORTS,  Ac. 

Assam. — ^Report  on  the  Administration  of  the  Province  of  Assam  for  1882-83.    Flsc.  Shil- 

long,  1884, 

Chibf  Cokmissionbb  of  Assax. 

Bombay. — Selections  from  the  Records  of  the  Bombay  Gk>yemment.    New  Series,  No.  163. 

8°  Bombay,  1883. 

Bombat  Goybevmbvt. 

IjfPlA. — List  of  Civil  Officers  holding  gazetted  appointments  under  the  Government  of 

India  in  the  Home,  Legislative,  and  Foreign  Departments,  as  it  stood  on 
the  1st  January  1884.    8""  Calcutta,  1884. 

HoMB  Dbpabtmbitt. 

„        Registers  of  Original  Observations  in  1883  and  1884,  reduced  and  corrected.  Sep- 
tember 1883  to  January  1884.    4°  Calcutta,  1884. 

Mbtbobological  Repobtbb  to  Govbbnmbnt  of  Ihdia. 

„        Report  on  the  Census  of  British  India,  taken  on  the  17th  February  1881.  Vols.  I 

and  III.    Flsc.    London,  1883. 

RbVBNUB  AKD  AOHICULTUBAL  DbFASTMBNT. 
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TUles  qf  Books,  Donors. 

IiTDiA. — Review  of  the  Forest  Administratioii  in  Britieh  India  for  1862-83,  by  W.  Schlich. 

F  Iflc.  Simla,  1884. 

HovB  Dbfabtmbkt. 

„        Selections  from  the  Beoords  of  the  GoTemment  of  India,  Foreign  Department. 

Nos.  193  and  195.    8°  Calcutta,  1884. 

FoBBioN  Dbpabtmbnt. 

M       statistical  Tables  for  British  India.    4°  Calcutta,  1884. 

GOYBBNICBVT  PbIBTING  OfFICB. 

Nobth-Wbstbbit  Pboyincbs. — statistical,  descriptive  and  historical  account  of  the  North- 
western Provinces  of  India.    Vols.  VII,  VIII,  and  XIII.  8**  Allahabad, 

1883.1884. 

Govbbnmbnt  of  thb  Nobth-Wbbtbbn  Pboyincbs. 


TRANSACTIONS,  PROCEEDINGS,  Ac,  OF  SOCIETIES,  SURVEYS,  Ac. 

Akstbbdam. — Jaarboek  van  het  Mijnwezen  in  Nederlandsch  Oost-IndiS.    Tweede  Gedeelte> 

1883.    8°  Amsterdam,  1883. 

Rbybnvb  and  Aobicultubal  Dbpabtmbkt. 

Basbl. — Verhandlun^n  der  Naturforschenden  Gesellschaft  in  Basel.  Theil  VII,  heft  2. 

8*  Basel,  1884. 

Thb  Sogibtt. 

Batayia. — ^Notulen  van  het  Bataviaasch  Genootschap  van  Kunsten  en  Wetenschappen. 

Deel  XXI,  Nos.  3^,  and  XXII,  No.  1.   8°  Batavia,  1884. 

Thb  Socibtt. 


ft 


» 


Naturknndig  Tijdschrift  voor  Nederlandsch-Indi'e.  Deel   XLIII.     8°  Batavia, 
1884. 

Thb  Socibtt. 

Tijdschrift  voor  indische  Taal-L  and-en  Volkenkunde.  Deel  XXIX,  Afl.  2^.,  and 
XXX,  Afl.  1-2.    8°  Batavia,  1883-1884. 

Thb  Society. 

Bbblin. — Zeitschrift  der  Dentschen  geologischen  Gesellschaft,  Band  XXXV,  heft  4.  8° 

Berlin,  1883. 

Thb  Socibtt. 

Boston.—- Memoirs  of  the  Boston  Society  of  Natural  History.    Vol.  Ill,  Nos.  6-7.    4* 

Boston,  1883. 

Thb  Socibtt. 


>» 


Proceedings  of  the  Boston  Society  of  Natural  History.    Vols.  XXI,  pt.  4,  and 

XXII,  pt.l.    8°  Boston,  1883. 

Thb  Socibtt. 

„         Proceedings  of  the  American  Academy  of  Arts  and  Sciences.    New  Series,  Vol.  X. 

8**  Boston,  1883. 

Thb  Acadbmt. 

Bbistol. — Bristol  Museum  and  Library.    Report  of  Proceedings  at  the  13th  annual  meet- 
ing, held  21st  February  1884.    S""  Bristol,  1884. 

Thb  Musbuk. 
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Titlet  of  Boohs,  Damon, 

BBU88BL8d— BnUeiiii  de  k  SociSti   Boyale  Beige  de  G^ojpuphie;     Add^  YU,  No.  6. 

8°  Bnixelles,  1883. 

Thb  Socibtt. 

Calcutta. — Joomal  of  tbv  Agricaltiml  and  HortieolianJ  Socieiy  eC  India*    New  Series, 

YoL  YII,  pt.  2.    ^  Calcntta,  1884 

The  Socibtt. 


tf 


ff 


>r 


Joomal  of  the  ABiatic  Societjr  of  BengmL    New  Series,  Yol.  LIU,  pt^  I,  No.  1. 
8""  Ci^-Qtta,  1884. 

Thb  Socibtt. 

Fioceedinge  of  the  Asiatie  Society  of  Benfj^al.    No^  X  (1883),  and  Nos.  I— III 
(1884).    8'' Calcutta,  1883  and  1884. 

Thb  Socibtt. 

Pabeontologia  Indica.    Series  X,  Yol.  II,  pi  6 ;  Series  X,  Yol.  Ill,  pt.  1 ;  and 
Series  XIII,  Yol.  I,  pt.  4.  fasc  3.    4""  Calcutta,  1884. 

Gbolooical  Subybt  of  Ikdia. 

Beoords  of  the  Geological  Soryey  of  India.    Yol.  XYII,  pt.  2.    8°  Calcatta, 

1884. 

Gbolooioal  Subybt  of  India. 

Beport  of  the  Archseological  Surrey  of  India.    YoL  XYII.    8°  Calcutta,  1884 

HoMB  Dbpabtmbbt. 


Chbistunia. — Udgivet  af   den   norske   Gradmaalingskommission.     Yandstands-ohserra- 

tioner.    Hefte  II.    4""  Christiania,  1883. 

Thb  Commission. 

Pbhba  Dun. — Synopsis  of  the  results  of  the  operations  of  the  Great  Trigonometrical  Survey 

of  India.    Yols.  XYII— XXI.    4°  Dehra  Dun,  1883. 

G.  T.  Subybt  of  India. 

Lausannb. — Bulletin  de  la  Soci^t^  Yandoise  des  Sciences  Naturelles.    2**  S^rie,  Yol.  XIX, 

No.  89.    S**  Lausanne,  1883. 

Thb  Socibtt. 

LiYBBPOOL.— Proceedings  of  the  Literary  and  Philosophical  Society  of  Liverpool.     Yols. 

XXXY— XXXYU.    8*  Liverpool,  1881-1883. 

Thb  Socibtt. 

London.— Journal  of  the  Anthropological  Institute  of  Great  Britain  and  Ireland.    Yol. 

XIII,  No.  3.    8''  London,  1884. 

Journal  of  the  Royal  Asiatic  Society  of  Great  Britain  and  Ireland.    New  Series, 

Yol.  XYI,  pt.  1.    8**  London,  1884. 

Thb  Socibtt. 

„         Journal  of  the  Society  of  Arts.    Yol.  XXXII,  Nos.  1633—1646.    8*  London, 

1884. 

Thb  Socibtt. 

Mineralo«fical   Mo^^azine  and  Journal  of  the  Mineralogical  Society  of  Great 

Britain  and  Ireland.    Yol.  IV,  No.  20.    8**  London,  1881. 

„  Proceedings  of  the  Royal  Geographical  Society.    New  Series,  Yol.  YI,  Nos.  2—4. 

8*^  London,  1884. 

Thb  Socibtt. 

„  Proceedings  of  the  Royal  Institution  of  Great  Britain.    Yol.  X,  pt  2,   No,  76. 

8^  London,  1883. 

Thb  Inbtitutb. 


f» 


»> 
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TUlet  qf  Books.  Donon. 

LonDOK.— ProoeediDgs  of  the  Boyal  Society.    Yob*  XXXY,  No.  227,  and  XXXYI,  No. 

228.    8^  London,  1883. 

Ths  Socibtt. 

M         Quarterlj   Journal   of  the  Gedogioal  Society.     YoL  XL,   Ffeurt  1,  No.  167. 
8""  London,  1884. 

Tei  Socibtt. 

Madbid.— Boletin  de  la  Sociedad  Geografica  de  Madxid.    Tomo  XYI,  Noe.  l-*4.    8^  Mad«» 

rid,  1884. 

TsB  Socibtt. 

Mahchbstbb.— Tranflactione  of  the  Mancheeter  Geological  Society.  YoL  XYII,  pte.  18 — ^15* 

8''  Manchester,  1884. 

Thb  Socibtt. 

Mblboubnb.— Beporte  of  the  Mining  Surreyors  and  Regiatrars  for  quarter  ending  Slat 

December  1883.    Flso.  Melbourne,  1884. 

Mining  Dbpabtmbnt,  Yictobia. 

Moscou.^Balletin  de  la  Soci^  Imp^riale  dee  NstoralbteB.    Tome  LYIII,  No.  2.    8°  Mos- 

con,  1883. 

Thb  Socibtt. 

NBWCA8TLB-VFOV-TTVB.— Traneactiomof  the  North  of  England  Institate  of  Mining  and 

Mechanical  Engineers.    YoL  XXXIU,  pt.  3.    8°  Newcastle-upon-Tyne, 

1884. 

Thb  Instiiutb. 

Pabis.— Bulletin  de  la  Soci^t^  G^ologique  de  France.   3"'  S^rie,  Tome  IX,  No.  7,  and  XII, 

N06  3--4.    8^  Paris,  1884. 

Thb  Socibtt. 

„       M^moires  de  la  Soci^t^  G^logique  de  France.     8""  S^rie,  Tome  III,  No.  1. 

4^  Paris,  1884. 

Thb  Socibtt. 

Pbnzakcb.— Transactions  of  the  Boyal  Geological  Society  of  Comwall.    Yol.  X,  pt.  6.    8^ 

Penzance,  1884. 

Thb  Socibtt. 

Philadblfhia. — Journal  of  the  Franklin  Institute.  3rd  Series,  Yol.  LXXXYII,  Nos.  3 — 6. 

8°  Philadelphia,  1884. 

Thb  Institutb. 

„  Proceedings  of  the  Academy  of  Natural  Sciences.    IVurt  III,  1883.    8^ 

Philadelphia,  1884. 

Thb  Acadbkt. 

„  Proceedings  of  the  American  Philosophical  Society.    YoL  XX,  No.  113. 

8^  Philadelphia,  1883. 

Thb  Socibtt. 

Pisa.  — Atti  della  Society  Toscana  di  Scienze  Natural!.  Memorie.  YoL  YI,  fasc.  1.    8°  Pisa, 

1884. 

Thb  Socibtt. 

„       Atti  della  SocietiC  Toscana  di  Scienze  Natural!.    Process!  Yerbali.    Yol.  lY,  pp, 

29—70.    8"  Pisa,  1884. 

Thb  Socibtt. 

Sacbaxbnto. — Calif  omia  State  Mining  Bureau.    Third  Annual  Report  of  the  State  Miner- 
alogist for  the  year  ending  1st  June  1883.    8^  Sacramento,  1883. 

6TATB  MiNBBALOGIST. 
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Titles  of  Baohe,  Dowm. 

St,  PxTBBSBxme. — Bulletins  da  Comity  Gtfologiqne.    Tome  II,  Noe.  7 — 9,  and  m.  No,  1. 

8*"  St.  P^tersbonrg,  1884. 

ThS  CoKMITfU. 

Salim. — Proceedings  of  the  American  Aswoiation  for  the  Advancement  of  Science.    VoL 

XXXI.    8°  Salem,  1883. 

The  AsaociATioK. 

Sait  Fsanoisco.— Balletin  of  theCalifomia  Academy  of  Sciences,    No.L    8*  San  Fran- 
cisco, 1884 

Thx  Acadsht. 

Shavohai. — Journal  of  the  North  China  Branch  of  the  Bojal  Asiatic  Society.  New  Series, 

No.  5  (1868).    8^  Shaoghai,  1869. 

The  Socibtt. 

SiNaAPOsx. — Journal  of  the  Straits  Branch  of  the  Boyal  Asiatic  Society.    No.  IS.    8*  Singa- 
pore, 1884. 

The  Socixtt. 

Stdvst.— Journal  and  Proceedings  of  the  Boyal  Society  of  New  South  Wales.    YoL  XVL 

8**  Sydney,  1883. 

The  Society. 

ToBivo.— Atti  della  B.  Accademia  delle  Science  di  Torino.  Vol.  XIX,  disp.  2—3.    8^  Torinob 

1884. 

Tee  Academy. 
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Note  <m  the  Geology  of  part  of  the  Gangasnlan  Pargana  of  British  Garhwal,  hy 
B.  D.  Oldhah,  A.B.S.M.,  &c.,  Oeological  Swrvey  of  India,     (With  a  map.) 

1.  The  conntiy  to  be  described  in  this  note  is  comprised  within  a  strip  abont 
5  miles  broad,  stretching  eastwards  from  Rikhikhes  and  southwards  to  the  foot 
of  the  Ghandi  hills,  lies  entirely  to  the  east  of  the  River  Ganges,  and  presents 
more  points  of  geological  interest  than  any  other  Himalayan  tract  of  equal  magni- 
tude with  which  I  am  acquainted. 

2.  The  oldest  rocks  seen  I  have  comprehensively  coloured  on  the  map  as  *  Pre- 

Mandhali.'  With  the  exception  of  some  beds  of  limestone 
exposed  to  the  north  of  Latchman  Jhula  in  the  bed  of  the 
Ganges  they  are,  to  the  east  of  the  strip  of  Mandhulis  and  Sirmurs,  grey  schis- 
tose slates  with  occasional  beds  of  quartzites,  and  to  the  west  as  far  as  the  recent 
deposits  of  the  Gttnges  black  slates  with  quartzites  and  occasional  calcareous  beds, 
presenting  no  features  of  geological  interest  apart  from  the  marked  and  sndden 
manner  in  which  their  strike  bends  round  with  the  irregularities  of  the  boundary 
of  hill  and  plain,  being  northwards  between  the  parallel  of  Rikhikhes  and  the 
Bheng  Nadi,  but  bending  sharply  round  to  east  and  westwai*ds  immediately  to  the 
north  and  south  of  those  limits;  the  courses  of  the  Bedasni  and  Tal  nadis  marking 
the  strike  of  the  rocks  they  run  through,  while  their  junction  is  at  the  point 
where  the  one  strike  bends  round  to  the  other. 

3.  The  Mandhali  beds,  under  the  name  of  Tal  limestone,  have  long  been 

known  and  have  acquired  a  celebrity  as  the  only  case 
known  of  fossils  being  found  in  the  pretertiary  beds  of  the 
lower  Himalayas ;  the  section  in  the  Bedasni  has  been  already  described  in  detail,^ 
and  the  only  addition  I  have  to  make  is  that  an  examination  of  the  same  beds  in 
their  extension  along  the  Syair  ridge  shows  that  they  lie  in  a  synclinal  and  not 
anticlinal  fold.     Along  the  ridge  they  broaden  out  and  form  its  high  and  rocky 
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crest,  and  here  limestone  conglomerates  of  the  regular  Mandhdli  type  are  seen 
associated  with  the  fossilif erous  beds.  Near  (a  short  way  to  the  south  of)  the  village 
of  Syair  the  eocene  beds  come  in  to  the  east,  the  junction  with  the  MandhaUs 
being  one  of  original  contact  as  is  marked  by  the  occurrence  of  the  characteriistic 
bottom  bed  of  the  Subathu  series ;  from  here  the  Subathu-Mandh^li  boundary 
runs  to  the  north,  keeping  on  the  east  of  the  ridge  till  a  gap  just  north  of  E^aranwas 
village,  whence  the  ridge  changes  its  character  and  a  broad  rolling  sunmdt 
replaces  the  rocky  crest  to  the  south,  and  here,  in  the  gap,  the  ferruginous  bottom 
.  bed  of  the  Sirmurs  can  be  seen  lapping  round  the  eroded 

^  *7  8  •         edges  of  tjie  Mandhdli  limestone.     This  is  a  point  of  great 

interest  and  importance  in  proving  that  the  Mandhili  series  is  of  pretertiaiy  age, 
as  was  inferred  by  me  on  other  and  more  general  grounds.'  The  boundary  runs 
down  about  a  furlong  and  a  half  from  the  crest  of  the  ridge,  but  once  more  mounts 
on  to  it  to  the  north  of  Bhuwan  and  runs  away  north«eastwards  towards  Toli. 
Along  this  part  of  the  boundary  the  bottom  bed  is  not  so  well  seen,  but  as 
there  are  distinct  traces  of  it  in  places,  we  may  consider  this  also  as  a  natural 
boundary.  The  great  mass  of  the  hill  above  Marhal  is  Mandh^i  limestone,  some 
of  the  beds  fossiliferous,  others  oonglomeratio,  but  many  of  them  stmctureless 
limestone  with  which,  as  further  to  the  south,  slates  and  quartzites  are  inter- 
bedded. 

4.  To  the  south  of  the  Bheng  river  these  beds  are  seen  on  the  crest  of  the 

M«idWli.of  the  B«D»     ^"^  "^8^.  e^teJidiog  close  to,  if  not  actnaUy  up  to,  the 
j^jj  outcrop  of  Sirmurs,  but  they  are  not  seen  at  its  eastern 

extremity.  Near  the  western  boundary  of  the  exposure 
there  is  a  peculiar  ferruginous  breccia  which  seems  to  belong  to  this  series,  though 
for  want  of  good  exposures  it  is  impossible  to  say  whether  it  may  not  be  of  super- 
ficial origin. 

5.  It  would  have  been  of  great  interest  and  importance  as  giving  us  a  definite 

.  horizon  in  the  Himalayan  rocks,  had  any  recognizable  fossil 

been  found  in  these  beds  ;  but  I  regret  to  have  to  say  that 
a  diligent  search  has  met  with  no  such  reward.  The  shells,  though  all  recog- 
nizable as  such  and  well  preserved,  have  been  comminuted  so  as  to  form  a  sort  of 
shell  grit  among  which  no  pieces  large  enough  to  afford  more  than  a  very  vague 
generic  identification  could  be  seen.  The  bed  is  evidently  of  littoral  origin  and 
this  comminuted  state  of  the  shells,  if  preventing  an  accurate  comparison  of  the 
horizon  of  the  bed  with  European  standards,  was  at  any  rate  useful  in  readily 
discriminating  it  from  the  somewhat  similar  limestone  beds  of  the  Subathu 
series  in  which  the  shells  were  all  entire  or  only  slightly  broken. 

6.  The  next  series  seen,  in  ascending  order,  was  the  Subathu.     Of  this  the 

exposure  near  Bhuwan  has  been  described  as  regards  its 
°    *  ^      '*  character.*    Its  western  boundary  has  already  been  refer- 

red to  in  connection  with  the  Mandhdli  series,  while  the 
eastern  is  a  fault ;  along  this  boundary  the  bottom  rock  is  not  seen  and  the  beds 
immediately  in  contact  with  the  grey  schistose  slates  are  somewhat  high  up  ia 
the  series. 
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7.  To  the  south  of  the  Tal  nadi  there  is  another  exposure  of  these  beds.     Of 

_  .    ,       -  ,    «  *^i8  I  have  only  seen  the  eastern  and  western  extremities, 

Sabathm  of  the  Badu      -i    x  x-i         •  j     <       i        . 

.^  out  there  is  no  doubt  that  it  extends  continuously  between 

the  two,  as  within  these  limits  all  the  lateral  feeders  of  the 

Tal  which  flow  from  the  south  contain  debris  recognizable  as  derived  from  the 

Snbathu  series.    At  the  eastern  extremity  only  was  the  bottom  bed  seen,  so  that 

this  strip  may  be  faulted  in. 

8.  The  most  northerly  exposure  of  the  sub-Himalayan  beds  is  that  opposite 

Bikhikhes,  which  has  been  mentioned  as  of  Nahan  age— ^ 
y., ,  '  ^  *"     an  opinion  from  which  I  find  myself  obliged  to  dissent.  The 

exposure,  whose  boundaries  are  completely  obscured  by 
reoent  river  gravels,  consists  of  soft  grey  sandstones  and  sandy  clays  with  a  north 
by  west  strike  and  vertical  dip,  which,  from  their  resemblance  to  the  middle 
Sivalik  beds  and  the  entire  absence  in  a  section  of  some  considerable  thickness  of 
any  trace  of  the  very  characteristic  red  clays  of  the  Nahan  beds,  I  would  refer  to 
the  former  rather  than  the  latter  period.  This  is,  however,  a  matter  of  opinion, 
and  no  definite  proof  can  be  adduced  of  one  or  the  other  conclusion. 

9.  The  supposition  advanced  is,  moreover,  supported  by  the  fact  that  the  next 

exposure  to  the  south,  that  in  the  Bheng  nadi,  contains 
eng    a  i.  ^^^  characteristic  red  clays  un distinguishable  from  those 

of  Nahan  age  in  the  Nahan  hills.  Between  these  two  exposures  the  older  Hima- 
layan slates  everywhere  come  into  contact  with  the  recent  gravels,  while  imme- 
diately north  of  the  Bheng  a  spur  of  the  older  rocks  juts  out  a  full  quarter  of 
a  mile  to  the  west  of  the  outcrop  of  tertiary  clays,  showing  that  their  boundary 
must  here  take  a  sudden  bend  westwards. 

10.  South  of  the  Bheng  the  tertiary  sandstones  come  into  contact  with  the 
-^       . ,  sub-recent  gravels  of  the  Granges  and  continue  up  the 

Banas  ridge  to  the  gap  between  the  two  trigonometrical 
points  marked  on  the  1-inch  map.  Between  this  point  and  the  exposure  in  the 
Bheng  I  was  unable  to  trace  the  boundary  of  the  tertiaries.  It  would  have  been 
important  to  determine  how  the  main  boundary  coming  up  from  the  south-east 
bends  round  to  take  in  the  Bheng  exposure,  but  in  the  absence  of  definite  observa- 
tions I  have  been  compelled  to  draw  it  on  the  map  in  the  manner  which  seems 
best  to  fit  in  with  observations  elsewhere ;  it  is,  however,  only  conjectural,  and  must 
be  taken  for  what  it  is  worth.  From  the  Bheng  exposure  southwards  the  section 
is  on  the  whole  an  ascending  one,  the  dip  at  the  western  extremity  of  the  Banas 
ridge  being  to  east-south-east,  while  the  beds  are  soft  yellowish-grey  sandstones 
and  sandy  clays  without  a  trace  of  red  clay. 

11.  South  of  Jamnia  bagh  I  saw  no  exposures  till  the  Ohaziram  Sot  was 

^,  entered ;  here  soft  sandstones  with  concretionarv  nodules 

Gliaxiram  Sot.  #ii  iii»i  <i 

of  harder  rock,  and,  higher  up,  conglomerates  dip  at  first 

eastwards  and  westwards  at  low  angles,  settling  down  near  the  head  of  the  stream 
to  a  steady  northerly  dip  at  about  30°.  It  is  a  noteworthy  fact  that  both  the 
sandstones  and  conglomerates  contain  numerous  pebbles  of  soft  tertiary  sand- 
stone. 
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12.  In  the  Mithi  Sot,  just  where  ihe  old  road  from  ihe  Jabbar  Qtnidlh  to  Lai- 
Iff' fcii'  Sn<:  dang  crosses  it,  there  is  an  exposnre  of  soft  pebbly  sand- 
stone, some  of  the  pebbles  being  of  snb-himalayan  sand^ 

stone,  with  a  vertical  dip,  striking  to  north  by  west.  At  the  base  of  the  exposure 
and  lying  east  of  the  sandstones  is  a  low  bank  of  dark-red  clay,  possibly  of  Nahan 
age— a  possibility  which  is  rendered  probable  by  the  fact  that  the  next  exposure 
np  stream  is  of  compact  sandstone  breaking  ofE  along  defined  joint  planes,  inter- 
bedded  with  red  nodnlar  clays  of  the  Nahan  type  having  the  same  north  by  west 
strike.  The  continuation  of  this  line  of  strike  leads  to  a  point  on  the  Banas  ridge, 
where  I  noticed  a  marked  change  in  the  nature  of  the  debris  lying  on  the  surface 
of  the  ground,  all  the  fragments  to  the  west  being  thoroughly  rounded  by 
weathering,  while  those  to  the  east  generally  retained  some  traces  of  the  joint  planes 
along  which  they  had  broken  off  and  were  not  uncommonly  sub-angular.  Continued 
still  further  northwards,  it  would  form  the  eastern  boundary  of  the  Bheng  outcrop. 
These  facts  would  seem  to  point  to  the  existence  of  a  line  of  fault,  a  consideration 
to  which  I  shall  subsequently  return,  but,  whether  a  fault  or  no,  it  is  the  boundary 
between  the  Nahan  beds  to  the  east  and  the  middle  and  upper  Sivaliks  to  the 
west.  In  this  same  stream  there  are  many  boulders  of  a  peculiar  rock,  a  fine- 
'  grained  micaceous  sandstone  undistinguishable  from  the  Nahan  sandstones  but 
for  the  fact  that  scattered  through  it  are  sub-angular  fragments  of  crystalline 
quartzite  mostly  9''  to  1'  in  diameter,  none  that  I  saw  being  larger  and  few  much 
snudler.  I  did  not  see  this  rock  in  situ,  but  as  the  boulders  of  it  increase  in 
number  up  stream,  and  as  they  were  seen  above  (to  the  east  of)  the  line  of  junc- 
tion, they  must  have  been  derived  from  the  Nahan  beds,  notwithstanding  the 
fact  that  nowhere  else  is  so  much  as  a  pebble  known  from  beds  of  undoubted 
Nahan  age. 

13.  On  the  eastei-n  flank  of  the  Chandi  Hills,  at  about    half  a  mile  from 

Diowali,  and  just  where  the  road  from  the  north  crosses 
the  Sahara  Sot  for  the  fourth  and  last  time,  an  import- 
ant section  is  to  be  seen.  Here  there  is  a  long  cliff  of  upper  Sivalik  sand-rock, 
earthy  clay  and  shingle ;  to  the  south,  soft  grey  pebbly  sandstones  come  in  with  a 
dip  of  30^  to  east  by  south,  the  actual  contact  not  being  seen.  No  pebbles  of  sand- 
stone  were  found  in  the  latter,  but  numerous  red-clay  galls,  some  evidently  derived 
from  clays  of  older  date  as  they  were  laminated,  the  laminsB  not  agreeing  in  direc* 
tion  with  those  of  the  sandstone.  This  fact,  together  with  their  softness  and  the 
abG(^nce  of  beds  of  red  clay,  seems  to  stamp  them  as  of  middle.  Sivalik  rather  than 
Nahan  age.     The  exposure  terminates  to  the  south  by  the  slope  of  the  hill-side 

passing  off  into  the  level  ground,  but  before  altogether 
disappearing,  the  hill  sends  out  a  small  spur  north  wol^ 
into  the  stream ;  it  is  a  small  knot  10  feet  long,  9  feet  broad,  and  6  feet  high,  on 
the  up-stream  side  of  which  a  hollow  has  been  excavated  in  the  river-bed  such  as 
is  invariably  found  above  any  obstruction  to  the  force  of  the  current.  Here  a 
triangular  surface  of  the  sandstone  beds  is  seen  on  whose  eroded  edges  upper 
Sivalik  conglomerates,  containing  many  pebbles  of  sub-Himalayan  sandstone  and 
clay,  lie  with  a  dip  of  45®  to  east  by  south.  That  this  is  not  a  mere  case  of  contem- 
poraneous erosion  is  proved  by  the  facts  that  while  the  dip  oi  the  conglomerates 
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18  45"  that  of  the  sandstones  below  is  only  30'',  and  that  the  boundary  of  the 
sandstone  beds  is  not  smooth  and  uniform,  bat  irregnlar,  the  hard  beds  stand- 
ing out  with  a  sub-angular  section  proving  that  they  must  have  been  in- 
durated, disturbed,  and  eroded  previous  to  the  deposition  of  the  cjonglomerates 
above. 

14.  To  the  south  of  a  line  ruaning  west  of  this  the  Chandi  Hills  are  mainly 

composed  of  middle  Sivalik  sandstones,  but  are  frequently 

capped  by  thin  patches  of  the  upper  conglomerates,  let 

in  by  local  faulting  or  flexure,  which  were  not  mapped  in  detail.     There  seems 

but  little  doubt  that  it  was  these  upper  beds  which  yielded  the  fossils  discovered 

by  Dr.  Falconer  *  and  more  recently  by  Mr.  Lichfield  in  1883. 

15.  I  now  come  to  the  consideration  of  the  question  whether  the  meridional 

boundary  described  above  (para.  12)   as  existing  between 

Nature  of  boundary.  ii       -^t  i  j  o*     ti       •     a    -l  •■!        t 

the   Nahans   and  upper  Sivaliks  is  to  be  considered   as 

mainly  due  to  faulting,  or  whether  it  approximately  marks  out  the  area  over 
which  the  Nahans  were  removed  by  denudation  previous  to  the  deposition  of 
the  upper  beds.  That  there  was  an  extensive  denudation  of  the  Nahans  pre- 
vious to  and  during  the  deposition  of  the  upper  Sivaliks  is  sufficiently  proved  by 
the  number  of  pebbles  of  the  former  to  be  found  in  the  latter,  but  this  may  have 
been  general  and  not  largely  greater  near  the  Ganges  than  elsewhere,  while 
there  is  no  such  direct  proof  that  they  were  being  eroded  during  the  deposition 
of  the  middle  Sivalik  sandstones  which  are  in  contact  with  them  on  the  Banas 
ridge.  I  saw  no  pebbles  of  sandstone  in  the  middle  Sivaliks,  and  if  present  they 
must  be  rare,  but  as  the  only  pebbles  to  be  seen  are  small,  well  rounded,  and  of 
hard  quartzite,  this  negative  evidence  goes  for  very  little.  On  the  other  hand, 
the  straightness  of  the  boundary,  the  contrast  of  the  beds  in  contact,  and  the 
vertical  dip,  all  go  to  prove  that,  even  if  the  boundary  is  approximately  one  of 
original  deposition,  it  must  have  been  considerably  modified  by  faulting  or  its 
practical  equivalent. 

16.  In  this  connection  the  small  exposure  of   Sub- Himalayan  beds  in  the 
l>roh  hi      f    If  Bheng  is  of   principal  importance ;  their  position  (apart 

from  a  possible  though  hardly  probable  fault  in  the 
Bheng  valley)  is  at  the  base  of  a  section  ascending  to  the  southwards,  the  upper 
beds  being  of  middle  Sivalik  age  which  the  Bheng  beds,  if  Nahan,  as  their 
character  almost  necessitates,  must  unconformably  underlie.  Jn  this  case  there 
is  a  small  patch  of  Nahans  cut  off  entirely  from  the  main  mass  to  the  south^^ast ; 
and  if  we  suppose  that  the  boundary  between  the  Nahans  and  the  newer  beds 
marks  even  approximately  the  area  over  which  the  former  were  removed 
previous  to  the  deposition  of  the  latter,  we  must  account  for  the  fact  that  the 
Bheng  exposure  has  been  brought  up  to  the  surface  by  faults,  which  both  to  the 
north  and  east  have  their  downthrow  on  the  side  nearest  to  it ;  consequentiy  if 
the  Bheng  outcrop  is  of  Nahan  age,  the  rocks  to  the  east  of  the  meridional 
fault  must  have  been  elevated  and  the  newer  beds  removed  by  denudation,  and 
the  Nahans  must  originally  have  extended  to  the  north  of  their  present  boundary^ 
which  must  in  that  case  be  mainly  due  to  faulting. 

iJdam.  A.  S.  B.,  VI,  288. 
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17.  A  similar  issne  to  the  last  is  raised  by  the  oontnuit  between  the  beds 

^  „  .     ,  exposed  at  Baiwala  on   the  west    bank  of  the  Ghuoffes 

and  those  seen  opposite  them  to  the  east.  At  Baiwala 
an  exposnre  has  been  described  *  of  upper  Sivalik  clays  and  conglomerates  lying 
in  an  anticlinal  flexnre  whose  steeper  side  faces  north,  while  to  the  east  of  the 
Ganges  we  find  opposite  these  beds  and  on  the  same  line  of  strike  low  middle 
Siyalik  sandstones  forming  part  of  a  large  synclinal.  Leaving  the  question  of 
flexure  on  one  side,  for  that  at  Baiwala  is  insignificant  in  size  and  might  well  lie 
on  the  flank  of  a  much  larger  one,  there  is  the  difference  in  the  horizons  of  the 
beds,  those  at  Baiwala  being  high  up  in  the  upper  Sivaliks,  while  opposite  them 
are  low  middle  Sivaliks  if  not  Nahan  beds — ^presumptive  evidence  of  a  great 
fault  running  in  the  bed  of  the  Ganges  with  an  upthrow  to  the  east.  This  might, 
however,  be  explained  away  by  the  unconformity  which,  as  I  have  shown  above 
(para.  13),  does  exist  in  this  region  between  the  middle  and  upper  Sivaliks ;  but, 
on  the  other  hand,  the  continuation  of  this  presumed  fault  would  lead  into  the 
proved  fault  in  the  Hardwar  gorge,  and  though  this  latter  has  a  downthrow  to 
the  east,  the  great  Bhimgoda  fault,  with  a  throw  of  some  15,000  feet,  which  almost, 
if  not  entirely,  dies  out  against  the  former,  would  sufficiently  account  for  any 
reversal  of  the  fault  to  the  northwards. 

18.  In  this  connection  I  may  review  the  facts  which  show  that  these  faults 

can  nowhere  be  considered  as  simple  dislocations,  on  one 
H  rd       f   It  '        ®^^®  ^^  which  the  beds  have  been  elevated,  and  on  the 

other  depressed,  but  that  they  are  contemporaneous  with, 
and  have  been  formed  pari  passu  with,  the  disturbance  of  the  beds  they  intersect. 
In  the  Hardwar  gorge,  as  has  long  been  known,*  a  northerly  dip  of  the  beds  to  the 
east  is  confronted  by  a  southerly  dip  to  the  west,  and  if,  as  seems  probable,  the 
lowest  beds  on  the  Chandi  section  are  lower  in  the  series  than  the  beds  opposite 
them  on  the  Hardwar  side,  the  fault  must  have  an  upthrow  to  the  east  here- 
abouts, while  further  north  opposite  Bhimgoda  the  upthrow  is  certainly  to  the 
west.  In  this  case  there  must  be  some  point  in  the  Hardwar  gorge  where  the 
throw  is  nil.  Even  if  this  supposition  is  incorrect,  the  throw  of  the  fault  must 
increase  rapidly  towards  the  north,  and  in  either  case  we  cannot  consider  the  fault 
as  of  later  date  than  the  flexure  of  the  beds,  but  must  look  upon  it  as  a  line  of 
fracture,  on  one  side  of  which  the  beds  were  from  the  first  bent  in  one  direction 
and  on  the  opposite  in  the  other. 

19.  Turning  now  to  the  Bhimgoda  fault,  which,  as  I  have  said,  does  not  seem 

to  cross  the  Ghinges  at  all,  and  if  it  does  so  only  in  a  veiy 
imgoda  au  .  modified  form,  we  can  hardly  suppose  it  to  have  been  <rf 

altogether  posterior  date  to  the  formation  of  the  Sivalik  anticlinal,  for  the  beds  at 
the  top  of  the  section  north  of  the  fault  are  the  very  newest  that  we  can  caU 
Sivalik  with  certainty,  and  had  they  ever  been  elevated  and  exposed  to  denu- 
dation must  have  been  from  their  softness  largely  removed ;  it  consequently 
becomes  probable  that  in  this  case  too  the  formation  of  the  fa;3lt  was  gradual 
and  progressed  pari  passu  with  the  flexure  of  the  beds  it  affects,  rather  than 

>  Mem.  G.  S.  I.,  III.  124. 

*  Vide  U.  a  MedUcoit,  Mem.  G.  S.  L,  III,  123. 
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that  these  beds  were  thrown   into  an  nnticlinal  and  the  northern  half  then 
depressed. 

20.  This  great  downthrow  of  the  Bhimgoda  fault  more  than  neutralizes  the 

upthrow  of  the  Hardwar  fault,  and  consequently  we  find 

H^d!lJJrfHult*°"''°  ^"^     *^®  ^^  ^^^^  *'^^^®  immediately  north  of  the  Bhimgoda 

fault  seem  to  be  lower  in  the  series,  arg^uing  a  northerly 
extension  of  the  Hardwar  fault,  but  with  a  downthrow  to  the  west.  Northwards  the 
more  rapid  dip  of  the  eastern  beds  soon  extinguishes  this  throw  until,  near  the 
Zabhar  Oadh,  the  sudden  replacement  of  the  upper  Siyaliks  by  middle  Sivaliks 
seems  to  argue  a  fault  coming  from  the  east  in  some  respects  the  analogue  of 
the  Bhimgoda  fault.  Be  this  so  or  not,  to  the  north  of  this  point  at  Baiwala 
the  fault  must  have  an  upthrow  to  the  east  of  some  thousands  of  feet.  Thai 
this  complicated  system  of  faulting  is  of  altogether  posterior  date  to  the  disturb* 
ance  of  the  beds  is  impossible,  and  the  only  conclusion  we  can  draw  is  that  these 
faults  must  have  been  gradually  formed  contemporaneously  with  the  disturbance, 
and  to  some  extent  the  deposition  of  the  beds  they  affect. 

21.  To  this  fault  in  its  extended  sense  I  propose  to  give  the  name  of  the 

Ganges  fault.    From  the  mouth  of  the  Hardwar  gorge  I 
^^  '  have  traced  it  as  far  as  Raiwala,  but  to  the  north  of  f.biiy 

there  are  still  indications  of  its  existence.  To  it  is  possibly  due  the  elevation  of 
the  pretertiary  beds  which  has  cut  out  the  sub-Himalayan  series  from  the  Bheng 
northwards  to  Bekhikhes,  and  it  may  even  extend  further  north  into  the  older 
rocks  of  the  lower  Himalayas ;  but  this  cannot  be  decided  except  by  further  examin- 
ation. 

22.  The  post-pleiocene  river  gravels  are  largely  developed  along  the  western 

boundary  of  the  area  under  description,  but  as  they  differ 

"*^  *        '  in  no  respect  from  those  of  the  Dehra  Ddn,  which  I  hope 

shortly   to  describe   at  length,  it  will  be  unnecessary   to    refer  to  them   here 

further  than  to  mention  that  they  cover  much  of  the  ground  which  I  have 

coloured  as  some  older  formation  on  the  accompanying  map. 

23.  Near  Jamnia  bagh,  about  quarter  of  a  mile  to  the  north  of  the  camping 

ground,  a  small  warm  spring  issues  with  a  temperature  of 
arm  spiings.  ^^o  -p  ^^  ^j^^  g-^^  ^j  ^  channel  which  has  been  dug  to 

carry  off  the  waste  water  from  a  water-mill.  The  water  of  the  spring  is  pure  and 
sweet,  so  that  its  temperature  cannot  be  due  to  chemical  action,  and  it  is  import- 
ant to  notice  that  it  issues  close  to  the  line  which  I  have  indicated  (para.  20)  as 
probably  a  line  of  fault.  I  was  informed  by  the  natives  that  another  warm 
spring  had  been  struck  near  Gouree  gh&t  a  few  years  ago  when  making  an  irri- 
gation cut.  This  latter  seems  to  have  been  a  failure,  as  a  dry  channel  was  pointed 
out  to  me  whose  bank  had  certainly  been  cut  into  at  one  place,  but  there  was  no 
warm  spring.  My  informant  reconciled  this  with  his  statement  by  explaining 
that  the  hole  had  been  filled  up  since.  On  the  whole  the  existence  of  this  warm 
spring  is  doubtful,  but  it  is  noteworthy  that  the  localiiy  pointed  out  to  me  lies  on 
the  northerly  extension  of  the  Ganges  fault. 
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On  fragments  of  ^i/&s  and  schists  imbedded  in  the  gneissose  granite  and  granite  of 
the  N.-W.  Himalayas,  by  Colonel  C.  A.  McMahon,  P.G.S.    (With  a  plate.) 

In  mj  paper  on  the  Simla  Himalayas  (Becords,  X,  p.  221)  I  rocorded  the 
following  note  regarding  the  eruptive  granite  of  the  upper  Sutiej  section: 
"  Between  Rarang  and  Jdngi  I  found  numerous  hlocks  of  mica  schist  caught  up 
by  and  buried  in  the  granite.  They  are  of  all  shapes,  and  yary  in  diameter  from 
2  inches  to  2  feet.  These  blocks  are  identical  in  appearance  and  composition 
with  the  mica  schists  through  which  the  granite  passes,  and  cannot,  I  apprehend, 
be  due  to  segregative  action." 

Similar  inclusions  are  to  be  observed  in  the  gneissose  granite  at  Dalhousie 
and  its  neighbourhood.  In  my  paper  on  the  Geology  of  Dalhousie,'  I  recorded 
the  following  note  respecting  them  :  *'  For  some  time  I  regarded  these  objects 
as  concretionary  in  origin,  but  the  conclusion  was  ultimately  forced  on  me  that 
they  are  true  fragments  of  the  adjoining  schists,  caught  up  by  the  granite  in  its 
passage  through  them.  They  are  more  numerous  close  to  the  schists  than  away 
from  them ;  they  closely  resemble  the  schists  in  colour  and  material ;  and,  in 
the  Chuari  section,  where  the  porphyritic  granite  has  been  squeezed  into  and 
between  the  schistose  beds,  fragments  of  schists  may  be  seen  caught  in  the  act, 
80  to  speak,  of  being  broken  off. 

*'  Some  of  the  included  pieces — even  those  seen  a  long  way  from  the  junction 
of  the  granite  and  the  schists — seemed  to  me  of  undoubted  fragmentary  origin. 
One,  for  instance,  which  I  noticed  in  the  Chdari  section,  was  a  long  splinter  2  feet 
4  inches  long,  and  5}  inches  wide  at  the  thickest  end.  In  its  splintery  ends  it 
seemed  to  give  clear  evidence  of  having  been  torn  from  its  parent  rock.  It  stood 
out  sharply  from  the  granite,  and  it  was  fractured  transversely  in  several  places, 
the  cracks  not  penetrating  into  the  granite." 

As  might  be  expected,  on  the  supposition  that  the  inclusions  alluded  to  are 
leally  fragments  of  other  rocks  imbedded  in  an  eruptive  granite,  the  J&ngi  and 
Dalhousie  specimens  do  not  resemble  each  other  at  all ;  but,  on  the  contrary,  in 
most  cases,  are  very  like  members  of  the  local  sedimentary  strata  through  which 
the  granite  has  penetrated. 

I  have  now  examined  under  the  microscope  thin  slices  of  the  J^gi  inclu- 
sions, and  of  the  mica  schists  at  Jangi  through  which  the  granite  has  been 
erupted,  and  I  have  also  examined  specimens  of  the  Dalhousie  inclusions,  and 
have  compared  them  with  the  granite  itself,  and  with  the  silurian  beds  found  in 
the  neighbourhood.     The  results  are  given  in  the  following  pages. 

I  shall,  as  usual,  describe  each  slice  in  some  detail,  and  then  summarise  the 
results  under  the  head  of  **  General  Remarks  "  at  the  end. 

No.  1. — ^Mica  schist  between  Bogi  and  Pangi.  A  dense  rock  containing 
numerous  small  garnets. 

Ko.  2. — ^A  fine-grained  dense  mica  schist.     P^ngi  (Bassfihir). 
M. — In  No.  1  the  mica  is  of  rich  Vandyke  brown  colour  in  transmitted  light. 
The  ground  mass  consists  of  quai'tz  with  a  few  crystals  of  felspar.     Garnets  are 
numerous.   Parallelism  of  structure  is  not  apparent  in  the  arrangement  of  the  mica. 

>   Uec.  a.  S.  U  XV,  p.  49. 
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In  No.  2  the  mica  appears  to  be  in  part  biotite  and  in  part  mnscoviie ;  the 
basal  cleavage  is  well  marked  in  both.  The  inica  is  oriented  in  all  directions,  bnt 
a  general  conformity  to  a  parallelism  of  arrangement  can  be  made  ont,  and 
extinction  id  simnltaneous  in  the  great  majority  of  leaves.  Gkimets  are  present. 
In  the  gronnd  mass  felspar  predominates  over  the  qnartz.  The  former  is  in  part 
microcline,  and  in  part  plagioclase. 

In  neither  of  the  specimens  did  I  detect  a  single  liquid  cavity  with  a  babble 
in  it. 

Nos.  3  and  4."Mica  schist  included  in  granite  between  Barang  and  J&ngi. 

M. — Numerous  flakes  of  mica,  the  axial  sections  of  which  are  a  rich  Vandyke 
brown  in  transmitted  light,  are  disseminated  through  a  quartz  ground  mass. 

One  or  two  crystals  of  muscovite  are  also  present.  The  quartz  contains 
numerous  rounded  microlites  of  mica. 

I  failed  to  detect  a  single  liquid  cavity  with  a  bubble  in  this  slice,  though 
I  used  powers  up  to  400  linear. 

These  inclusions  have  evidently  been  subjected  to  great  heat,  but  the  entire 
absence  of  felspar,  and  of  the  liquid  cavities  with  movable  bubbles  so  charac- 
teristic of  the  quartz  of  granite,  marks  them  off  from  that  rock.  Moreover, 
the  character  of  the  mica  is  suggestive  of  a  schist  rather  than  of  a  granite.  It 
is  in  flakes,  and  the  majority  of  the  leaves  lie  in  the  same  plane. 

No.  5. — Granite  between  Barang  and  J6ngi  with  contained  inclusion.  With 
the  aid  of  a  pocket  lens  this  inclusion  is  seen  to  consist  of  the  constituents  of 
granite  in  an  extremely  fine-grained  condition.  The  line  of  demarcation  be- 
tween the  inclusion  and  the  granite  is  sharp  and  well  defined. 

M. — The  examination  of  this  specimen ,  jonder  the  microscope  confirms  the 
result  of  the  examination  with  the  aid  o{  the  pocke,t  lens.  The  slice  contains  a 
portion  of  the  granite  and  also  a  portion  of  the  inclusion.  The  latter  contains 
both  orthoclase  and  plagioclase,  as  well  as  quartz.  In  structure  and  in  every 
particular  it  is  a  granite.  The  microlites  seen  in  the  slice  contain  shrinkage 
vacuoles  and  cracks.  Flat  liquid  cavities  with  fixed  bubbles  are  extremely 
abundant,  whilst  those  with  movable  bubbles  are  not  altogether  wanting. 

Dalhousi^, 

No.  6.— Inclusion  in  gneissose  granite-r-rlJpper  Mall,  Bakrota.  A  dark,  fine- 
grained mixture  of  quartz  and  mica,  with  irregular-^shaped  pieces  of  felspar  here 
and  there. 

M. — The  slice  is  composed  of  quartz,  dark  mica,  muscovite,  oiypto-crystalline 
mica,  garnets,  magnetite  or  ilmenite,  and  ferrite. 

The  quartz  contains  gas  pores  and  liquid  cavities  with  movable  bubbles. 
Microlites  containing  shrinkage  vacuoles  and  liquidcavities,  with  movable  or  fixed 
bubbles,  are  numerous.     One  micro-prism  contains  liquid  cavities. 

The  whole  aspect  of  this  slice  tinder  the  microscope  is  that  of  the  granite 
which  contains  the  inclusion. 

No.  7.— Inclusion  in  gneissose  granite — Upper  Mall,  Bakrota. 

M. — This  slice  shows  the  junction  of  the  granite  and  the  inclusion.  The 
latter  looks  like  an  intensely  altered  slate,  and,  under  the  microscope  its  aspect 
is  very  different  from  the  last  speoimen. 
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The  inclusion  is  composed  of  qnariz  and  biotite  with  some  magnetite,  or 
ilmenite,  and  a  little  ciypto-crystalline  mica  in  patches. 

A  small  piece  of  felspar  is  entangled  in  crypto-crystalline  mica,  bnt  it  exhibits 
no  crystalline  contour.  T  here  are  a  few  microscopic  garnets.  T  be  qnartz  contains 
some  liquid  cavities  with  movable  bubbles,  and  some  of  the  microlites  contain 
vacuoles.    The  rock  has  the  appearance  of  being  an  intensely  altered  slaiy  rock. 

No.  8. — Inclusion  in  gneissose  granite — Upper  Mall,  Bakrota. 

M. — This  slice  consists  of  a  ground-mass  of  quartz  in  micro-grains,  in  which 
are  scattered  a  dark  mica  (biotite  P)  in  leaves,  and  in  well-laminated  crystals, 
small  leaves  and  microlites  of  muscovite,  patches  of  crypto-crystalline  mica,  gar- 
nets, and  magnetite  or  ilmenite. 

The  quartz  encloses  liquid  cavities  with  movable  bubbles,  and  microlites 
which  contain  elongated  vacuoles  and  cavities  in  which  mineral  matter  has  been 
deposited. 

There  is  no  trace  of  felspar. 

Between  Dalhousie  and  Chil. 

No.  9. — Inclusion  in  gneissose  granite.  The  hand  specimen  and  the  thin  slice 
show  the  junction  of  the  included  dark  slaty  rock  and  the  granite. 

M. — The  granitic  portion  of  the  slice  contains  orthoclase,  microcline,  plagio- 
clase,  muscovite  in  large  leaves  and  in  microlites,  and  well-laminated  biotite. 
There  are  numerous  intergrowths  of  biotite  and  muscovite,  and  crystals  of  the 
former  enclose  garnets. 

Grains  of  ilmenite  or  magnetite  are  common  to  the  granite  and  the  slaty 
enclosare.  The  latter  consists  of  granular  quartz,  a  green  mica,  and  numerous 
patches  of  micro-crystalline  mica,  which  passes  here  and  there  into  small  leaves 
of  muscovite.     A  few  small  garnets  are  present,  but  no  felspar. 

The  quartz  of  the  granite  contains  movable  bubbles,  but  I  have  not  detected 
any  in  the  slaty  inclusion. 

Upper  road  near  top  of  Bahrota,  Dalhousie, 

No.  10. — Inclusion  in  gneissose  granite.  To  the  unaided  eye  this  looks  like  a 
compact  rock :  with  a  pocket  lens  it  is  seen  to  be  sub-ciystalline.  It  exactly 
resembles  some  rocks  of  the  silurian  series. 

M. — This  slice  consists  of  an  intimate  mixture  of  very  fine-grained  quarti  and 
mica.  The  quartz  has  evidently  recrystallised  under  the  influence  of  heat^  as  its 
minute  grains  exhibit  a  tendency  to  assume  hexagonal  outlines.  The  mica  is  of 
two  kinds, — a  green  mica,  and  what  is  apparently  muscovite.  The  former  is  by 
far  the  more  abundant,  stray  leaves  of  muscovite  only  appearing  here  and  there. 
There  is  one  good-sized  leaf  of  green  mica,  but  the  rest  is  in  micro-flakes. 

A  little  haematite  and  magnetite  are  present.   There  are  numerous  microlites, 
but  all  of  them  are  apparently  of  mica. 

I  have  not  detected  any  liquid  cavities  in  the  quartz. 

The  microscopic  examination  of  this  slice  leads  to  the  conclusion  that  it  is  a 
fragment  of  slate  that  has  been  exposed  to  considerable  heat. 

No.  11. — Inclusion  in  gneissose  granite.  This  specimen  is  so  like  No.  10  that 
a  separate  description  is  unnecessary.  Both  specimens  under  the  microscope 
closely  resemble  some  of  the  slaty  rocks  immediately  adjoining   the  gneissose 
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granite  at  Dalhonsie.  The  only  difference  is  that  in  these  specimens  the  heating 
has  gone  sufficiently  far  to  almost  obliterate  the  lamination.  The  materials  are 
not  arranged  in  well-defined  lines,  bat  still  one  has  no  difficalty  in  making  out 
which  way  the  grain  goes. 

The  muscoyite  is  not  in  clear  leaves,  as  in  granite,  but  fibres  of  the  green 
mica  are  abundantly  entangled  in  it. 

Nos.  12-15. — ^A  fine-grained  sehist  included  in  gneissose  granite.  Upper 
Boad,  near  top  of  Bakrota.  In  13,  14,  and  15  the  hand  specimens,  and  also  the 
thin  slice,  show  the  junction  of  the  granite  and  the  schist. 

M. — The  granite  is  of  the  usual  type,  already  described  in  previous  papers 
imder  the  name  of  gneissose  granite. 

The  ground  mass  of  the  schist  is  composed  of  quartz  in  fine  grains.  There  in 
no  felspar.  The  mica  varies  in  different  slices  in  transmitted  light,  from  yellow- 
green  and  brown-green,  to  brown.  It  is  in  large  and  small  flakes,  some  of  them 
being  very  minute  and  also  in  well-laminated  crystals.  Muscovite,  crypto-crys- 
talline  mica,  and  schorl,  are  also  present.  There  are  round  dots  of  opacite  and  a 
little  magnetite. 

The  granite  and  the  included  schist  contrast  strongly  with  each  other  in  the 
matter  of  liquid  cavities  with  movable  bubbles.  The  quartz  and  the  schorl  of 
the  granite  contain  liquid  cavities  with  large  movable  bubbles  :  the  areas  covered 
by  the  latter  are  about  one-fourth  of  the  areas  of  the  cavities  that  contain  them. 
In  the  schist,  on  the  other  hand,  I  have  failed  to  detect  any  liquid  cavities  in 
any  of  the  slices. 

General  Remarks. 

The  microscopic  examination  of  the  specimens  described  in  this  paper  leads  to 
the  conclusion  that,  in  some  cases,  what  appear  to  be  fragments  of  other  rocks 
contained  in  granite  are  either  inclusions  that  have  been  so  intensely  metamor- 
phosed, and  thoroughly  permeated  with  the  mineral  constituents  of  the  granite, 
that  they  have  become  granitic  in  structure  and  composition ;  or  that  portions 
of  the  granite  itself  have  locally  condensed  into  fine-grained  concretionary  lumps 
resembling  true  inclusions  in  appearance.  Slices  Nos.  5  and  6  are  instances  of 
such  cases. 

On  the  other  hand,  the  microscope  confirms  the  verdict  arrived  at  by  the  un- 
aided eye  in  respect  of  the  majority  of  cases,  and  shows  that  what  appear  to  be  in- 
clusions are  really  fragments  of  foreign  rocks  caught  up  and  inclosed  in  the  granite. 

Three  classes  of  true  inclusions  have  been  examined, — namely,  ordinary  mica 
schists,  slaty  rocks,  and  fine-grained  silicious  schists. 

The  inclusions  found  in  the  eruptive  granite  of  the  Sutlej  valley  present 
under  the  microscope  the  strongest  likeness  to  the  bedded  mica  schists  through 
which  the  granite  has  burst. 

In  the  case  of  the  slaty  inclusions  in  the  Dalhousie  gneissose  granite,  the 
inclusions  have  the  closest  resemblance  to  some  local  silurian  fine-grained  sili- 
cious rocks,  and  are  not  unlike  some  of  the  beds  that  occur  in  the  stratified  rocks 
close  to  the  margin  of  the  granite.  They  are  a  little  more  metamorphosed  than 
the  latter,  but  that  is  all.  The  sharp  lines  of  lamination  have  been  obliteratad,  but 
the  direction  of  the  grain  can  still  be  made  out,  under  the  microscope,  without 
doubt  or  hesitation. 
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In  the  case  of  the  schists,  the  fine  foliation  is  still  unmistakably  visible  to  the 
naked  eye. 

One  important  fact  about  all  the  Dalhousie  and  Sutlej  inclusions,  except  slices 
Nos.  5  and  6,  is  that  the  changes  which  have  been  set  up  in  them  by  contact 
metamorphism  have  not  led  to  the  formation  of  felspar. 

In  nearly  all  my  hand  specimens  and  thin  slices  the  junction  of  the  granite 
and  the  inclusion  is  shown.  The  granite  maintains  its  characteristics,  up  to  the 
junction,  and  then  there  is  a  sharp  transition  to  the  slate,  or  to  the  schist,  as  the 
case  may  be.     In  the  slaty  and  the  schistose  portions  of  the  slices  felspar  is  absent. 

Another  important  distinction  is  that  though  the  quartz  and  the  schorl  of 
the  granite  abound  in  liquid  cavities  with  movable  bubbles  up  to  the  line  of 
junction,  these  liquid  lacunsB  are  absent  in  all  the  inclusions  examined,  except 
Nos.  7  and  8,  No.  7  being  a  highly-altered  rock. 

These  differences  seem  to  me  to  be  essential  ones,  and  to  be  opposed  to  the 
acceptance  of  the  segregation  hypothesis  as  an  explanation  of  these  dark  patches 
in  the  granite. 

In  some  respects  the  inclusions  have  yielded  to  the  metamorphosing  influence 
of  the  granite,  and  to  this  influence  1  attribute  the  presence  of  muscovite,  ciypto- 
cxystaUine  mica,  and  schorl. 

A  precisely  similar  metamorphosing  influence  was  exercised  by  the  granite  on 
the  adjoining  stratified  beds  at  Dalhousie ;  and  in  my  paper  on  the  miscroscopic 
structure  of  the  latter  (Records,  XVI,  p.  141),  I  expressed  the  conviction 
that  "  the  crypto-crystalline  mica  seen  in  contact  with  the  granitoid  rock  is  due 
to  the  injection  of  matter  from  the  granitic  rock  into  the  schists  in  a  gaseous  or 
liquid  condition."  I  also  noted  that,  "  though  the  gneissose  granite  is  rich  in 
felspar,  only  one  small  crystal  of  this  mineral  was  found  in  the  numerous  slices 
of  rocks  in  contact  with  the  gneissose  granite  examined  under  the  microscope.'* 

This  complete  correspondence  between  the  slaty  and  schistose  stratified  rocks  in 
contact  with  the  gneissose  granite,  and  the  inclusions  in  the  main  body  of  the 
granite  itself,  is  a  strong  point,  I  think,  in  the  chain  of  evidence  which  leads  to 
the  conclusion  that  most  of  the  sharply-outHned  dark  patches  which  occur  in  the 
Dalhousie  gneissose  granite  are  really  fragments  of  stratified  rocks  caught  up 
and  imbedded  in  it,  and  that  the  dark  patches  are  not  concretionary  nodules  due 
to  the  freaks  of  segregative  action. 

Recently  I  have  come  across  an  inclusion  at  Dalhousie  which,  I  think,  sets  the 
question  completely  at  rest.  I  found  it  in  the  gneissose  granite  near  the  top  of 
Bakrota,  about  half  a  mile  from  the  horizon  of  the  stratified  silurian  rocks. 

One  of  my  specimens  has  been  very  successfully  photographed  (about  natural 
size)  and  reproduced  as  a  print  by  the  heliogravure  process  by  Major  Water- 
house  in  the  office  of  the  Surveyor- General  to  the  Government  of  India,  and 
forms  the  plate  attached  to  this  paper.  Nothing  could  be  more  perfect  than  the 
proof  print  now  before  me ;  it  reproduces  the  exact  appearance,  and  almost  the 
very  colour,  of  a  piece  of  the  Dalhousie  gneissose  granite. 

The  inclusion  represented  in  the  plate  is  a  section  broken  ofF  from  a  long 
splinter  of  rock,  shaped  like  a  tent-peg,  included  in  the  grauite.  It  is  about  two 
feet  long,  but  I  did  not  extract  the  whole  of  it,  and  cannot,  consequently,  say 
exactly  how  deep  it  penetrates  into  the  granite.     The  sections,  chipped  off  one 
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after  the  other  for  me  by  a  native  stone-mason,  varied  somewhat  in  size,  bnt  the 
three  principal  sides  of  one  of  these  sections  measured  2|  x  2^  X  2^  inches. 

The  splinter  o£  schist  must  have  been  rendered  partially  plfustio  by  heat,  for 
the  fragments  show  that  when  it  was  entire  it  was  somewhat  crooked  in  the 
direction  of  its  leoigth,  and  the  lined  of  foliation  (see  plate)  are  considerably 
bent.  Thin  sections  of  the  specimen  depicted  in  the  plate  are  described  under 
Nob.  12.15.  ' 

The  rook  is  a  very  fine-grained  schist.  An  ezamikiation  of  the  plate  will  show 
how  fine  are  the 'lines  of  foliation.  ' 

I  do  not  think  that  any  one,  whose  opinion  is  worth  having,  could  ^examine  the 
specimen  itself  or  even  the  plate  attached  to  this  paper,  and  believe  that  this  finely 
foliated  schist  has  originated  in  the  granite  ittolf  by  a  process  of  segregation. 

Had  the  specimen  been  ground  down  to  a  uniformly  flat  surface,  the  contrast 
between  the  gianite  and  the  contained  fragment  of  schist  would  probably  have 
been  even  greater  tiiaoL  it  ia  in  the  plate ;  for  whilst  much  of  the  dark  marking 
of  the  granite  is.  due.  to  superficial  discoloration,  the  broad  lines  seen  in  the 
schist,  on  the  other  hand,  are  lines  of  foliation.  These  thin  and  thick  lines  of 
foliation  run  righi  through  the  splinter  lengthways  from  top  to  bottom.  The 
gneiasose  graaiite  is  perfectly  gpranitic  up  to  the  very  edge  of  the  splinter,  and  in 
fracture  and  strueture  there  is  no  resemblance  between  the  former  and  the 
sehistoise  inclusion.  Moreover,  as  before  remarked,  whilst  the  gneissose  granite  is 
a  highly  felspathic  rock,  not  a  particle  of  felspar  is  present  in  the  schist, 

I  cannot  myself  for  a  moment  believe  that  segregation  could  produce  a 
highly  silicious,  finely  foliated  schist  out  of  a  highly  felspathic  granite,  in  which 
porphyritio  crystals  are  to  be  seen  meandering  about  in  all  directions  up  to  the 
very  edge  of  the  schist.  If  regard  be  also  had  to  the  long  splinter-like  shape  of 
the  schist,  the  improbability  of  such  a  result  being  produced  by  '  segregation  is 
increased.  One  might  as  well  believe,  it  seems  to  me,  that  a  fossil  ammonite  is  a 
product  of  segregation. 

But  perhaps  some  one  who  is  disposed  to  assigpi  a  metamorphic  origin  for  the 
gneissose  granite,  may  affirm  that  the  long  splinter  of  schist  is  an  undigested  lump 
of  the  original  rock  from  which  the  gneissose  granite  itself  was  formed.  Should 
any  one  be  found  to  advocate  this  theory,  I  would  ask  where  all  the  felspar  in  the 
gneissose  granite  came  from  ?  The  gneissose  granite  at  Dalhousie,  it  must  be 
remembered,  is  a  mass  over  six  miles  in  thickness  that  extends  in  an  easterly  and 
south-easterly  direction  for  some  hundreds  of  miles  without  any  diminution  in 
thickness.^ 

"Sio  felspar  is  found  in  the  fragments  of  slate  and  schist  embedded  in  the 
granite ;  and  as  the  theory  under  consideration  requires  us  to  believe  that  these 
fragments  were  subjected  to  all  the  conditions  to  which  the  granite  was  subjected, 
the  advocates  of  this  theory  will  have  to  explain  how  lumps  of  foliated  schist,  or 
laminated  slates,  which  were  subjected  to  the  aqueo-igneous  agencies  that  reduced 
flie  main  mass  into  a  highly  felspathic  porphyritio  granite,  escaped  being  melted 
down  and  incorporated  in  the  granite  along  with  the  rest  of  the  sedimentary  beds 
that  supplied  the  material  for  the  formation  of  that  rock. 

Is  it  to  be  believed  that  these  lumps  were  subjected  to  all  the  influences  that 

^  See  map  attached  to  the  Mannal  of  the  Geology  of  India. 
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prevailed  to  prodnce  the  extreme  metamorpliism  of  the  highly  felspathic  porphjri- 
tic  granite,  and  yet  that  no  felspar  was  formed  in  them  P 

The  onns  of  explaining  these  difficulties  rests  on  those  who  advance  the 
theory  under  consideration,  if  there  be  any  such,  and  until  these  difficulties  are 
explained  I  think  it  would  be  mere  waste  of  time  to  discuss  this  supposititioiis 
theory  further. 

Those  who  have  worked,  even  a  little,  with  the  blowpipe,  know  how  power- 
fully  a  moderate  amount  of  felspar  acts  as  a  flux  on  quarts ;  and  in  view  of  this 
fact,  it  seems  to  me  almost  self-evident  that  the  schist  would  have  lost  its  fine 
parallel  foliation,  and  would  have  been  melted  down  and  incorporated  in  the  highly- 
felspathic  granite,  had  not  the  latter  lost  much  of  its  heat,  and  had  it  not 
advanced  considerably  towards  final  consolidation,  before  the  fragment  of  schist 
found  its  way  into  it. 

The  past  history  of  the  inclusion  cannot  be  the  same  as  that  of  the  granite. 
The  only  explanation  that  satisfies  my  mind,  and  harmonises  all  tbe  facts,  is  that 
the  felspathic  gneissose  granite  is  an  intruder  in  the  rocks  where  we  now 
find  it,  and  the  unfelspathic  schistose  inclusions  are  fragmeats  of  the  rocks 
through  which  the  granite  passed  on  its  Way  to  its  present  position* 

Mr.  J.  Arthur  Phillips,  in  his  papers  ^  on  "  Concretionary  Patches  and  Frag- 
ments of  other  rocks  contained  in  Granite,"  came  to  the  conclusion  that  the 
inclusions  contained  in  granites  are  of  two  distinct  kinds :  *'  Those  of  the  first 
class  are  the  result  of  an  abnormal  arrangement  of  the  minerals  constituting  the 
granite  itself,  whilst  those  belonging  to  the  second  represent  fragments  of  other 
rocks  enclosed  within  its  mas8.'\ 

In  the  case  of  slices  Nos.  5  and  6  (flnte)  I  was  long  in  doubt  whether  these 
inclusions  represent  those  of  Mr.  Phillips'  first  or  second  class, — namely,  whether 
they  are  nodules  of  segregation  or  are^  fragments  of  foreign  rocks  in  a  more 
advanced  stage  of  metamorphism.  But  it  seems  to  me,  on  further  consideration, 
that  they  are  more  probably  the  latter  than  the  former. 

If  it  be  granted  that  granites  contain  fragments  of  foreign  rocks,  it  seems  to 
me  that  we  ought  to  expect  to  find  these  fragments  in  every  stage  of  arrested 
fusion.  Fragments  caught  up  before  the  granite  had  lost  very  much  of  its  heat 
would  surely  be  on  the  verge  of  digestion ;  and  if  the  process  of  assimilation  were 
to  be  arrested  before  its  completion,  the  fragment  would  approximate  closely 
in  structure  and  composition  to  the  granite  itself. 

This  hypothesis,  it  seems  to  me,  accounts  more  naturally  for  most,  if  not  for 
all,  doubtful  cases,  than  the  theory  of  segregation. 

Even  the  case  put  by  Mr.  Phillips,  in  his  second  paper,  of  large  crystals  of 
felspar  growing  out  of  the  matrix  into  the  inclusion,  may,  I  think,  be  explained 
on  the  hypothesis  above  suggested.  All  who  have  studied  thin  slices  of  rocks 
under  the  microscope  must  be  familiar  with  the  &rct  that  felspars  and  other 
crystals  grow,  as  it  were,  by  successive  additions  to  a  central  core,  the  succes- 
sive zones  of  growth  in  sanidine,  hornblende,  augite,  and  other  minerals,  being 
distinctly  visible  under  the  microscope.  Dr.  Sorby  has  shown,  in  the  case  of  quartz, 
that  the  additions  to  a  crystal,  or  fragment  of  a  crystal,  made  at  a  comparatively 
late  epoch  in  its  history, — as  for  instance,  to  grains  of  quartz  in  a  sandstone, — 

>  Quar.  Jonrn.  G.  S..  XXXV,  p.  1 ;  and  XXXVIII,  p.  216. 
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are  often  in  optical  continuity  with  the  portions  upon  which  they  form.  Sup- 
posing then,  a  felspar  crystal  in  the  matrix  were  in  contact  with  the  edge  of  an 
inclnsion,  I  do  not  see  why,  in  the  event  of  the  mineral  matter  contained  in  the 
inclusion  being  subjected  to  sufficient  aqueo-igneous  heat  to  produce  molecular 
freedom  of  action,  the  molecules  of  felspar  contained  in  the  inclusion,  or  intro- 
duced into  it  from  the  granite,  should  not  be  attracted  by  crystallographic 
molecular  polarity  to  the  felspar  in  the  matrix,  at  the  edge  of  the  inclusion,  and 
form  on  it.  Indeed,  I  think  this  would  be  yery  likely  to  happen,  and  the 
appearance  of  a  felspar  growing  out  of  the  matrix  into  the  inclusion  might  be 
produced  in  this  way,  even  in  true  fragments  of  foreign  rocks  imbedded  in 
granite. 

Of  course,  this  could  only  happen  when  the  foreign  fragment  was  imbedded  in 
granite  in  a  highly  heated  condition.  In  the  case  of  the  long  splinter  of  schist 
a  fragment  of  which  is  depicted  in  the  plate  attached  to  this  paper,  it  is  dear  that 
it  must  haye  been  included  in  the  granite  when  the  latter  was  already  partially 
consolidated,  and  had  lost  a  considerable  part  of  its  heat. 

I  haye  found  on  other  grounds,  in  my  previous  papers,  that  the  gneissose 
granite  had  partially  consolidated  before  it  was  intruded  into  the  stratified  rocks ; 
and  the  evidence  afforded  by  the  fragment  of  schist  under  consideration  con- 
firms this  conclusion.  The  schist  would  not  have  retained  its  fine  foliation 
had  the  granite  been  in  a  fluid  state,  and  at  the  high  heat  indicated  by  that 
condition. 

To  conclude,  I  think  the  evidence  available  is  sufficient  to  show  that  the 
majority  of  the  Dalhousie  inclusions  are  really  fragments  of  foreign  rocks  im- 
bedded in  the  gneissose  granite ;  and  if  so,  the  further  inference  that  the  gneissose 
granite  which  contains  them  is  an  eruptive  rock  seems  irresistible. 

The  result  of  this  independent  investigation,  therefore,  is  to  strongly  confirm 
the  verdict  on  the  gneissose  granite  arrived  at  on  a  consideration  of  other 
evidence.  

Beport  on  the  Geology  of  the  Takht-i-Suleman,  by  C.  L.  Gribsbach,   Oeological 

Survey  of  India,     (With  two  plates.) 

The  following  notes  on  the  geology  of  the  g^up  of  hills  of  which  the  Takhi-i- 

Suleman  is  the  culminating  mass,  nearly  due  west  of  Dera 
Ismail  Eban,  and  situated  in  Afghanistan,  were  noiade  by 
me  during  the  progress  of  the  expedition  under  General  Kennedy,  which  in 
November  last  year  was  undertaken  for  the  purpose  of  affording  a  survey  parfy 
under  Major  Holdich,  B.E.,  an  opportunity  of  conducting  certain  observations 
from  the  highest  of  the  Takht  peaks. 

I  was  attached  to  this  expedition  officially,  but,  as  was  natural  under  the 
circumstances,  opportunities  for  a  regular  geological  survey  were  limited ;  had 
it  not  been  that  the  country  traversed  was  very  barren  and  thus  very  favourable 
for  my  work,  even  so  much  could  not  have  been  done  as  is  here  presented.  Al- 
though these  notes  and  the  accompanying  sketch  map  are  accordingly  of  a  rough 
nature  only,  still  I  believe  they  give  a  fairly  correct  idea  of  the  geological  struc- 
ture of  this  portion  of  the  Suleman  range, — a  region  which  had  never  been  visited 
by  any  geologist,  or  indeed  by  any  European. 
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The  expeditioii  started  on  the  15th  NorembOT  1883  from  Dera  lamaU  Khan, 

consisting  of  a  brigade  nnder  Brigadiert-C^eneral  T.  G.  Ken- 

p^^3^  of  ths  ei-      jj^y^  CB.jtheSnrveyof  iBdimragrepreaOTtedhyMKJop 

Holdich,  &E.rwhoni  I  have  to  thank  for  the  sketcli  mt^ 

of   the  topography  of  the  Takht  region.    I  was  attached  to  the  expedition  If 

order  of  the  GoTemment  of  India,  to  condact  the  geological  anrrey  of  the  area. 

The  roate  followed  by  the  troops  after  arrival  at  Draband  was  by  the  pan 
known  near  ite  entrance  as  the  Shekh  Hydor.     Ascending  the  Zao  stream,  along 


PART  4.]  Grik3Bach  :  Geology  of  the  Takht-i-Suleman.  177 

its  narrow  defile  (see  fig.  1)  throngli  the  main  range,  we  eyentnally  crossed  the 
divide  between  the  Zao  and  Draband  streamsy  north-west  of  the  Kaiserghar  ridge, 
and  gained  the  Pazai  Kotal,  which  forms  an  easy  ascent  to  the  Takht  *'  Maidan," 
one  of  the  rentes  nsed  by  the  pilgrims  to  the  holy  shrine  on  the  top  of  the  Takhi. 
i-Snleman.  The  west-slope  of  the  Ksdserghar  ridge  is  greatly  dennded,  forming 
extensiye  nnderclifFs  with  deep  ravines  and  precipitous  and  high  escarpments 
above..  The  path  beyond  the  Pazai  Kotal  leading  up  to  the  Maidan  is  along  the 
crest  of  a  buttress  or  neck  left  intact  between  two  streams. 

Here  our  expedition  met  with  considerable  resistance ;  one  of  the  sections  of 
the  Sheorani  tribe,  the  Kidderzaies,  strengthened  no  doubt  by  many  of  the 
unruly  "  btidmashes"  of  these  hills,  prepared  rude  defences  on  the  rocky  ap- 
proaches to  the  "  Maidan,"  and  showed  that  they  meant  to  contest  our  ascent.  It 
became  necessary,  therefore,  to  take  the  position  by  force  of  arms,  which  was 
effectually  done  on  the  261^  November,  and  the  road  to  the  '^  Maidan"  cleared. 
The  final  ascent  of  the  highest  peak  of  the  group,  the  "  Kaiserghar"  (north  })eak), 
was  effected  on  the  291^  November  by  the  survey  party  and  myself,  the  escort 
being  under  command  of  Colonel  MacLean,  Ist  Punjab  Cavalry.  The  return 
march  was  conducted  along  the  same  route. 

The  yeiy  extensive  and  clear  views  which  are  obtained  from  a  few  of  the 
high  points  (see  profiles,  PL  I  and  II)  greatly  aided  me  in  tracing  out  the 
geological  structure  of  the  region ;  the  country  is  very  barren,  and  several  of  the 
beids  hereafter  to  be  described  are  easily  distinguished  owing  to  their  characteris* 
tic  bright  colours. 

I  am  writing  in  the  field  away  from  the  resources  of  a  library,  but  I  believe 
^^  I  am  not  wrong  in  saying  that  we  knew  nothing  definite 

relating  to  the  "  Takht"  geology  itself,  this  region  never 
having  been  visited  by  any  European.  But  a  fair  guess  might  have  been  made 
as  several  of  the  adjoiniDg  regions  had  been  noticed  .  by  former  travellers ;  and 
recently  a  sketch  survey  of  the  Suleman  hills  was  completed  up  to  the  30°  30' 
latitude  by  Mr.  Blanford,  late  of  the  Geological  Survey  of  India. ' 

lAin  *  None  of  the  observers  noted  marginally  actually  tra- 

Fleming,  1859.  *  Ycrsed  any  portion  of  ihe  area  described  by  me.    Yigne 

Stewiir^  1860.  J  ^ent  through  the  Gomal  pass,  but  his  notes  hardly  aid  in 

^'^  ***'  elucidating  the  geology  of  the  Takht. 

Fleming  refers  to  a  tract  of  the  Suleman  hills  since  described  by  Blanford. 

Dr.  Stewart's  and  also  Dr.  Yerchere's  notes  have  no  direct  bearing  on  the 
Takht  region,  but  the  first  mentions  the  occurrence  of  beds  near  Kanigoram, 
slaty  with  thin  sandstones,  apparently  below  the  nummulitic  series  which  may 
possibly  be  of  lower  cretaceous  age,  and  perhaps  identical  with  those  west  of  the 
Takht. 

'  Penonal  narrttive  of  m  viiit  to  Ghasni,  &0.,  Lond.,  1840. 

*  Quar.  Joar.  Geol.  Soc.,  Lond.,  Vol.  IX,  p.  846. 

'  Jour.  Ai.  Soc.,  Bengal,  VoL  XXIX,  p.  814. 

«     Ditto         ditto,        Vol.  XXXVI,  pt.  2,  p.  18. 
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Mr.  V.  Ball,  then  of  the  Geological  Survey  of  India,  was  the  first  professional 

eeoloirist    who   traversed   the  Snleman  range,   and  has 
BalL  1874. 
^^  given  ^  a  report  of  the  geology  of  tiie  range  which  he 

crossed  by  the  Siri  Pass  west  of  Dera  Ohazi  Khan. 

The  ground  described  by  Ball  has  since  been  reported  on  by  Mr.  Blanford,* 

and  I  will  therefore  content  myself  with  noticing  a  few 
'  of  the  remarks  made  by  the  latter,  as  fstr  as  they  bear  upon 

the  geology  of  the  Suleman  range  only ;  his  memoir  contains  criticisms  of  mj 
work  in  iJie  Bolan  and  Quetta  neighbourhood,  some  of  which  no  doubt  are  just 
enough,  but  to  several  of  his  remarks  I  would  take  exception,  and  hope  to  have 
an  early  opportunity  of  doing  so.  According  to  his  report,  the  physical  features 
of  the  Suleman  hills  in  latitude  30^  30',  up  to  which  his  report  extends,  seem 
much  the  same  as  those  further  north,  where  the  Takhi-i-Suleman  forms  the 
highest  portion.  The  main  range  consisting  of  one  or  more  distinct  ridges  is 
nkirted  eastwards  by  low  undulating  hills  mostly  of  tertiary  age  which  are 
fringed  by  a  well  marked  range  of  siwalik  rocks  along  the  margin  of  the  Indus 
plain.     The  following  is  Mr.  Blanford's  list  of  formations : — 


Sf ftMM  or  m4«r  dlTiiUmt. 


I,  Hmitni  find  poit-pUo' 


4-  UiwuiikofUtnehhMT 


\ 


Up  WsH        • 


^r  •       i^'V^'^^P^* 


|.  (J|r«i««Nmi 


•  ■{ 
■  ■{ 


Sob^ivifioni. 


Upper 

Lower 
Upper 
Upper 
Lower 
... 


Saleman. 


Allavinm  of  Indni  Valley 
Qraveli  of  ilopee,  &c      • 

1.  Conglomeratet  . 

2.  Sandstones  and  elayi,  fte. 
Randstonee,  clays,  &c. 
Sandstones,  clays,  fto. 
Olive  clays,  shales,  sandstones,  Ac 
Coarse  hrown  sandstone  . 

1.  Hard  whitish  sandstone  grit 

2.  Dark  grey  limestone  passing  down 

wards  into  limestone  shales. 


^•ologiesl  aft. 


}  Reeentandpost- 
(     pliocene. 

Upper  Miocene. 
Mioeentt* 


1 
i 


U  i^iil  be  seen  from  the  following  pages  that  the  main  divisions  and  beds 
fiKk4ifi^Hs*l  by  Blanford  have  also  been  identified  by  me  in  the  Takht  region.  It 
¥f)h  tfh  mitntisnt  from  my  table  on  page  182  that,  whilst  some  of  Blanford's  beds 
M^  ^M^Mrig,  there  are  several  which  seem  peculiar  to  the  Takht,  unless  it  be  that 
|,^^u  1^^^  itrtimitii  in  the  hills  west  of  Dera  Ohazi  Khan,  but  have  not  been  recog- 


>  Bee.  G.  S.  I.,  Vol.  VII,  p.  146. 
•  Mem.  G.  S.  I^  Vol.  XX,  pt  2. 
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DJsed  by  my  colleague,  he  never  liBrmg  actiiBllf  croHHed  the  high  range  of  the 
Saleman  hills.^ 

The  Tftkht-i-Suleman  is  here  underatood  to  be  the  group  of  peaks,  vMoh 
together  form  a  more  or  less  square  block  or  matgif 
amongst  the  neighbouring  ridges.  It  forms  part  of  the 
long  range  known  on  our  maps  as  the  Snleman  range,  which  in  the  area  now 
visited  has  a  due  uorth  and  south  strike  (see  Map).  The  drainage  belongs  to  the 
Indus  system  ;  and  the  two  valleys  with  which  this  report  deals  are  those  of  the 
Zao  and  Draband '  streams,  both  forming  cross  valleys  throagh  the  main  range, 
the  first  known  as  the  Zao  defile,  and  the  second  as  the  "  Qnt." 

The  geneiul  features  of  the  ground  are  strikingly  simple.  The  high  re^on 
consists  of  two  principal  masses,  the  Takht  (with  the  Zao')  hills  and  the  Shiu- 
ghar  (with  the  Karzbina  *)  forming  the  axis  of  the  range  and  eonsisting  of  the 
oldest  rocks  of  the  area. 

The  valleys  of  the  Zao  and  the  Draband  rise  between  3,000  and  4,000  feet 
above  sea-level.  The  defile  of  the  Draband  stream  (the  Out)  divides  the  range 
into  the  Zao  hills  (north)  and  the  Kaisei^har  or  Takbt  hilb  (sonth).  East  of  this 
range,  and  skirting  it,  is  a  belt  of  lower  ranges,  much  dennded  by  the  Snleman 
drainage,  and  which,  roughly  speaking,  form  a  sort  of  trongh,  of  which  the 
Snleman  hills  form  the  western  and  the  oator  hills  of  SiwaUk  rocks  the  eastern 
rim.     The  latter  form  generally  the  boundary  between  India  and  Afghanistan. 


Tig.  S.    View  of  tbe  'Uaidan'  with  the  Ealaerghar. 

The  massif  of  the  Takht  itself  may  be  described  as  a  high  tableland  (abont 
8,000  feet  above  sea-level)  (fig.  2)  bounded  on  its  east  and  west  margins  by  high 
'  S«e  p^e  123  of  big  report. 

*  Major  Holdicb  informs  me  thnt  tliii  (trean  ii  oiled  the  Lobnr  weat  of  the  "  Qnt" 

*  Zain,  Za<Taig:bu'  of  the  map. 

*  Od  tbe  map  Kmjtniia. 
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rims  formed  by  par&Uel  ridges  of  ringed  and  ateep  outline.  The  veetem  ridge 
presenu  the  highest  peak  (see  fig.  2)  or  K&iBerghar  (11,300  feet),  and  iJie  eutoni 
D  the  celebrated  Takhb-i-Saleman  (see  fig.  3)  11,070  feet. 

This  tableland  with  its  two 
parallel  riroB  is  altogetha 
formed  hy  a  hnge  c^  (if  I 
may  use  the  term)  of  eanl 
limeetone,  to  be  presently 
described.  The  entire  Maidan 
and  part  of  the  slopes  of  the 
bonnding  mnges  are  oorered 
by  a  fine  forest  of  the  c&iltota 
or  edible  pine.  The  soeneiy 
is  Btrikiiigand  fine,  the  forest- 
oovered  Maidan  itself  being 
quite  park-Uke  in  its  genera] 
appearance.  As  might  hare 
been  expected,  water  is  only 

tfonnd  in  the  deep  ravines 
daring  the  rainy  season; 
'  when  we  ascended  the  hill, 
J  the  only  water  obtainable  on 
^  the  ground  was  derived  from 
--  the  patches  of  snow  lying  in 
I  sheltered  places  of  the  Maidan 
^  and  on  the  higher  slope  of  the 
'V      Kaiserghar. 

.^         If   ever   this    magnificent 

^      table  mountain  shoold  be  used 

€      for  a  settlement,  water  would 

^      have  to  be  stored  for  the  dry 

^     season,  as  has  to  be  done  in 

^      several  similarly  situated  loca- 

lidee.     There  is  now  the  dry 

baain  of  a  natnrslly  formed 

tank  on  the  Maidan,  which 

oonld  of  course  be  enlarged 

and  deepened. 

The  climate  is  magnifioea^ 
and  in  November  was  intense- 
ly cold  in  the  mornings. 

There  is  (I  am  told)  an  easy 
road  leading  to  the  Takht 
from  Draeand,  which  is  nsnal- 
ly  taken  by  the  pilgrims  com- 
ing from  India. 

In  the  profile  (b,  PL  I)  I 
hav4  given  a  view  over  the 
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Maidan  from  the  top  of  the  Kaisergliar  -which  will  illustrate  the  feature  of  the 
tableland  with  its  two  parallel  ranges. 

I  found  the  following  formations  and  beds  represented 


Geological  results. 
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Qe«logleal  age. 


Recent  and  poet-pliocene 


Pliocene 
Miooene 


Bocene 


Sub^ritions. 


Recent  .         • 

Upper  Siwaliki 
NariP   • 


Upper   . 


Cretaceons 


Lower 
Upper    , 

Lower 


Nnmber 

in  the  Motion 

(Me  map). 


12 

11 
10 


9 


8 

7 
6 
6 

4 
8 
2 


{ 


DuonuTiov  oy  boozi. 


Sands  and  grarelt  of  tbe  Indus  plain* 

Gravels  and  fan  deposits. 

Conglomerates  and  sandstone  with  olajs. 

Reddish  brown  to  orange  ookrared  sand- 
stone^ with  bands  of  sbalesy  gritii  and 
clajs;/oM»<js. 

Intense! J  bright  eolonred,  red  and  oBve 
green  clars,  with  diriding  beds  of  md- 
stone  and  sands ;  fouiU. 

Coarse  brown  sandstone  and  grilii  /m- 

Black  carbonaceous  shalea  (loeal^  aft 

Gandera  Each). 
White  limestone ;  fouiU. 
White  and  grey  coral  Umestone, 
Earthy  shales. 

Hard  sandstone  with  Umettoiie  beda. 
Coarse  brown  sandstone;  fwttiU. 
Qrej  shales  with  calcareooe  irrsgehr 

beds  i  foitiU, 
Black  and  dark  gr^  shalee  with  Vmf 

stone  partings  and  oonoietionaiy  no* 

dnles. 


Detailed  description  of  section. 

As  mentioned  before,  tbe  division  of  tbe  ground  into  (1)  tbe  Sniemaa  mige 

„,      ..  ^.    ^  and  (2)  tbe  onter  or  frinirinff  bills  is  Btrildnir  in  the 

Two  distinct  areas.  °    °  ® 

extreme,  and  geologically  the  two  areas  are  distiBot ;  tha 
Soleman  range  (wbere  I  crossed  it)  is  formed  entirely  of  rocks  belongixig  to  the 
cretaceons  epoch,  whereas  tbe  onter  bills  are  all  composed  of  tertiary  and  recent 
formations.  It  will  be  easiest  therefore  to  begin  the  description  of  the  aeotum* 
with  the  main  range. 

1.  Suieman  hills. 

That  portion  of  the  Snleman  bills  which  I  had  the  good  forhme  to  rvdU 

including  under  this  name  the  pandlel   ranges  of  the 

Snle^S^u!  '^'  *"'     '^^^^  (^*^  *^  ^^  ^^^)  ^^  *^®  Shinghar  (with  the 

Karzbina),  is  entirely  made  up,  I  believe,  of  the  oldest 

rocks  found  in  this  part  of  the  country.    The  greater  mass  of  the  range  or  ranges 

is  composed  of  cretaceous  rocks,  but  it  is  quite  possible  that  tbe  lowest  bed  of 

the  series  shown  in  the  table  and  section  as  bed  (1)  is  of  Jurassic  age. 

As  will  be  seen  from  the  figured  section,  tbe  Suleman  range  is  formed  by  one 

or  perhaps  more  great  folds  of  the  cretaceous  series.     When  viewed  from  the 

east,  i.e.,  the  Indian  side,  all  that  seems  clear  is  that  tbe  beds  have  a  dip  due 

east,  passing  under  tbe  tertiary  beds  of  the  outer  hills.   Tbe  short  Zao  defile,  while 

exposing  tbe  rocks  completely,  affords  little  information  as  regards  the  structure 


'  In  all  cases  wbere  I  refer  to  the  "  section  "  the  ideal  section  is  meaut,  fig.  4. 
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of  tho  r&Dge.  The  rocks  throngli  which  the  defile  cuts  are  greatly  jointed,  hut  it 
seems  clear  that  the  dip  which  is  at  first  east  hecomes  steeper,  and  eTentnall;  tnms 
roiiii<l  to  ahont  80°  west.  Near  the  stone  in  the  defile,  known  as  the  Sar.i.Saog 
(fig.  5),  the  heds  are  raised  np  verticall;  or  nearly  so.   Water  percolating  through 


Fig.  6.    Tha  Ssr-i-Sanf  in  Uia  Zao  defll*. 


184  Records  of  the  Geological  Survey  of  India.  [vol.  xvii. 

open  joints  and  between  the  bedding  has  here  and  there  removed  portions  of  the 
limestone  beds,  leaving  caves,  some  of  them  of  considerable  extent.  At  several 
points  water  issues  in  the  form  of  springs  out  of  openings  between  the  jointed  masses 
of  the  limestone  beds.  One  of  these  springs  in  the  defile  has  a  temperature  of  74^ 
and  seems  to  contain  some  mineral  in  solution.  It  is  perhaps  possible  that  the  high 
temperature  is  owing  to  heat  evolved  by  the  decomposition  of  iron  pyrites,  common 
in  the  shaly  layers  between  the  lower  cretaceous  sandstones.  The  dip  becomes  uni- 
formly  west  on  emerging  from  the  defile,  and  remains  so  in  the  Shinghar  range. 
It  was  only  after  I  had  made  two  short  excursions  into  the  western  parallel  of 
the  Suleman  hills,  one  to  the  Karzbina,  and  another  to  the  lower  slopes  of  the  Shin- 
ghar hills  nearly  opposite  the  Kaiserghar,  that  I  could  clearly  make  out  the  struc- 
ture. This  is  especially  well  seen  in  the  Kotal  Zawasir  forming  the  divide  between 
the  Zao  and  Lobar  (Draband)  streams,  and  connecting  the  Shinghar  with  the  Zao 
range.  The  Kotal  is  shown  in  the  profile  PL  II,  near  the  left  side  of  the  view. 
The  anticlinal  which  forms  the  Kotal  Zawasir  is  composed  of  the  oldest  rocks 
/  \  m   v  »»  1  ®®®^  ^^  ^®  area.     When  I  say  that  they  bear  a  strong 

resemblance  to  the  Spiti  shales  of  the  Himalayas,  most 
Indian  geologists  will  recognise  the  character.  The  shales  are  dark  grey  and 
black,  crumbling  in  small  fragments  and  splinters,  with  a  few  layers  of  limestone 
and  traversed  by  numerous  calcareous  veins.  Here  and  there  numbers  of  black 
concretionary  nodules  occur,  but  I  have  not  found  any  fossils  in  them,  nor  in  the 
dark  shales.  It  is  this  great  resemblance  to  the  Jurassic  Spiti  shales  of  the 
Himalayas  which  makes  me  feel  doubtful  concerning  the  cretaceous  age  of  these 
shales.  At  all  events  they  form  the  lowest  beds  in  this  range.  At  the  Kotal 
Zawasir  (see  section  and  PI.  II)  they  form  the  centre  of  the  anticKnal  and  are  found 
nearly  vertically  raised  up,  dipping  gradually  both  east  and  west.  They  may  be 
found,  more  or  less,  along  the  entire  west  side  (left  bank)  of  the  Lobar  valley. 
Overlaying  the  dark  shales,  on  both  sides  of  the  anticlinal  axis,  follow  lavender 

grey  coloured  marly  shales  of  very  even  texture ;  aocom- 
Bbales  &c.^^"  ©r-grey         panying  them  are  thin  irregular  beds  of  limestone,  sand* 

stone,  and  ferruginous  shales,  the  exact  succession  and 
respective  thicknesses  I  could  not  ascertain.  But  on  the  whole  I  received  an 
impression  that  the  grey  shales  were  the  predominant  feature  of  this  sub-division. 
In  the  ferruginous  sandy  shales  I  found  some  wretchedly  preserved  specimens  of 
Ammonites,  much  crushed  and  in  a  state  quite  beyond  spelcific  identification. 
They  belonged  to  a  species  with  strong  transverse  ribs. 

Next  in  succession  above  these  Ammonite  beds  come  again  on  both  sides  of 

the  anticlinal  (3  in  section)  brown  coarse  sandstones  and 
.tonl^'"'''"    "°'^'      grits  with  ferruginous  concretionary  partings;  the  boun- 

daries  between  the  sandstone  and  the  beds  below  and 
above  them  are  not  only  not  defined,  but  the  beds  evidently  pass  gradually  from 
one  into  the  other.'  The  thickness  of  the  coarse  sandstone  is  not  great.  The 
upper  beds  become  gradually  fine-grained,  even-bedded,  mostly  consisting  of  a 

whitish  brown  or  speckled  quartz  sandstone,  with  an  occa- 

.•ndttolw  ^*^'"^"^^*°       «^°^^^  calcareous  bed  intercalated ;  towards  the  top  of  this 

group  the  limestone  beds  become  more  and  more  frequent. 
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and  then  contain  corals,  whicli  however  are  only  seen  on  the  worn  surfaces  of  the 
limestone,  being  completely  assimilated  with  the  rock.  A  few  fragments  of 
strongly  ribbed  Ammonites  have  been  fonnd  by  members  of  the  expedition,  bnt 
none  of  them  would  permit  specific  identification. 

This  is  probably  the  group  also  fonnd  by  Mr.  Blanford  to  compose  the  greater 
mass  of  the  main  range  of  the  Suleman  hills  west  of  Dera  Ghazi  Khan.  The 
thickness  I  can  only  guess  to  be  not  less  than  800  to  1,000  feet.  As  will  be  seen 
in  my  profiles  PI.  I.  a,  and  PI.  II,  and  in  the  section  fig.  4,  the  lower  half  of  the 
western  slopes  of  the  '*  Takht "  and  the  Zao  ranges  and  also  the  greater  part  of 
the  eastern  slope  of  the  Shinghar  range  are  formed  of  this  characteristic  sand- 
stone formation.  In  calling  it  such  I  do  not  wish  it  to  be  understood  that  it  is 
by  any  means  a  homogeneous  sandstone  mass  ;  on  the  contrary,  towards  the  top 
especially,  it  becomes  difficult  to  determine  it  either  as  sandstone  or  limestone, 
both  being  present.  The  uppermost  part  of  this  sub-division  seems  to  contain 
more  limestone  beds  than  lower  down. 

The  sandstone  group  (4)   is  overlaid  on  the  Takht-i- Suleman  side  of  the 

Lobar  valley  by  a  band  of  perhaps  60  to  100  feet  of  yellow- 
of  the  KotaJ  ^     ^  ^^  brown  earthy  beds  with  argillaceous  shales  and  clayey 

beds.  I  have  not  observed  this  band  on  the  Shinghar 
and  Karzbina  side  of  the  valley,  but  then  the  ground  is  less  favourable  for 
observation  on  that  side,  and  I  could  not  devote  much  time  to  that  range.  Seen 
from  the  opposite  side  (from  the  west)  the  shaly  band  runs  in  a  line  from  just 
above  the  Pazai  Kotal  to  above  the  village  of  Niaz  Kote,  south-west  of  the 
Kaiserghar  (see  PI.  II).  The  bed  is  of  considerable  economic  importance,  as  on  it 
apparently  collects  all  the  water  found  in  the  Takht  range  during  the  dry  season, 
the  superimposed  limestone  permitting  all  the  moisture  to  percolate  through  its 
joints  and  fissures.  The  bed  also  marks  a  decided  change  in  the  rock  formations. 
The  streams  which  supplied  our  camp  with  water  at  the  Pazai  Kotal  and  the 
springs  above  the  village  of  Niaz  Kote  all  issue  from  this  horizon. 

Above  this  lower  group  of  sandstones  and  shales  I  found  hug£  masses  of 

-r-v  y«     1 1.      X  almost    unstratified  coral  limestone  of  crenerallv  a  li&rht 

(6)  Coral  limestone.  -r>       -■     i  #  i  . 

grey  colour.     But  dark  grey  masses  of  dolomitic  character 

are  not  rare.     On  the  whole,  it  reminded  me  of  some  of  the  coral  limestones  of  the 
Qnetta  neighbourhood,  although  the  latter  may  possibly  be  somewhat  older. 

The  limestone  is  sbown  in  the  profiles  of  both  plates  (I  and  II),  and  in  the 
section  as  (6).  The  appearance  of  this  nearly  unstratified  mass  of  limestone,  in 
which  nothing  but  corals  is  observable,  suggested  to  me  the  possibility  of  it 
being  the  remains  of  an  ancient  coral  reef.  This  idea  would  receive  additional 
oonfirmatioh  by  the  fact  that  the  upper  coral  limestone  is  more  or  less  of  local 
natore  only  ;  from  Blanford's  researches  it  would  appear  that  the  uppermost  bed 
of  the  cretaceous  group  of  the  Suleman  hills  west  of  Dera  Ghazi  Khan  is  the 
whitish  sandstone,  which  may  correspond  with  bed  4  of  my  section;  always 
•apposing  that  this  want  is  not  owing  to  denudation. 

The  thickness  as  seen  on  the  Kaiserghar  range  may  be  at  a  rough  estimate 

,  about  4,000  to  5,000  feet,  if  not  more.     It  composes  more 

than  the  upper  half  of  the  Kaiserghar  and  the  Zao  ranges, 
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and,  as  might  have  been  expected,  the  whole  of  the  ''  Takht  "  owes  its  pecnliar 
configuration  to  this  solid  cap  of  limestone.  It  has  (in  the  KaLserghar  range) 
an  average  dip  of  20°  to  east.  Not  only  the  '*  Maidan,"  bnt  also  the  paraJlel 
ranges  of  the  Kaiserghar  and  the  Takht-i-Suleman  are  composed  of  this  coitd  lime- 
stone.    The  very  top  of  the  former  I  found  of  the  same  homogenous  composition. 

The  bedding  of  it  on  the  Takht  is  seen  to  be  very  little  inclined  to  the  east, 
but  beyond  it  the  dip  quickly  becomes  steeper,  and  the  coral  limestone  may  be 
seen  to  dip  under  the  next  higher  group,  which  as  far  as  I  could  judge  from  my 
point  of  observation,  the  Kaiserghar  peak,  seems  to  rest  conformably  on  the 
Takht  limestone. 

The  crest  of  the  Shinghar  range  appears  also  to  be  composed  of  the  oonJ 
limestone  (6). 

The  Karzbina  point  is  composed  of  sandstone  (4)  (in  fig.  5),  but  the  crest  of 
the  range  further  west  is  evidently  composed  of  other  rock  forming  a  high 
escarpment  in  many  places.  Blocks  fuid  debris  of  the  coral  limestone  are  also 
found  in  the  ravines  coming  from  the  Shinghar  range. 

Outer  hills. — Blocks  of  limestone,  mostly  rolled  and  containing  nummulites, 

were  found  along  our  line  of  march  in  the  Zao,  below 
rtiJe.  ^'*°'"'°"^*'  ^"'*"      Gandera  Each.     The  rock  had  quite  the  concretionaiy 

appearance  which  is  common  to  the  nummulitic  limestone 
of  parts  of  the  Bolan,  and,  as  I  have  since  found,  of  parts  of  the  Salt-range.  ^  It  is 
a  light  grey  to  white  dense  limestone,  separating  into  concretionary  masses, 
which  feature  gives  it  the  appearance,  from  a  distance,  of  a  coarse  conglomerate. 

I  was  not  able  to  leave  the  road  for  any  distance  from  our  camp  of  Gandera 
Kach,  near  the  entrance  to  the  defile,  and  as  the  coral  limestone  of  the  Zao  range 
is  there  quite  exposed  by  denudation,  and  all  the  older  tertiaries  are  removed  or 
concealed  by  extensive  gravel  deposits,  I  never  saw  this  nummulitic  limestone 
actually  in  situ.  That  is  to  say,  I  have  not  been  able  to  lay  hands  on  it,  for  it 
appears  to  me  more  than  probable  that  the  much  denuded  and  steep  hills  which 
are  seen  to  skirt  the  Takht  and  Zao  ranges  on  the  eeist  are  composed  of  this  rock. 
These  skirting  hills  are  so  much  a  feature  of  the  ground  that  they  are  easily 
recognised  on  the  map,  where  as  also  in  my  profiles  (PL  I,  a  and  b)  and  in  my 
section  I  have  marked  them  as  nummulitics. 

As  has  already  been  explained,  the  area  lying  immediately  east  of  the  Takht- 
i-Suleman  is  a  belt  of  lower  undulating  hills,  about  12 

Z.T!liD^yMes».     ™ilf « '''««i.  &«»%  denuded  by  the  Zao  and  Draband 

drainage,  and  bounded  on  its  eastern  margin  by  somewhat 
higher  and  rugged  hills  belonging  to  the  upper  Siwaliks.  All  this  ground 
between  the  rugged  hills  marked  as  nummulitic  limestone  and  the  Siwalik  outer 
hills,  where  not  covered  by  recent  gravel  deposits,  is  composed  of  beds  of  lime- 
stones, clays,  and  sandstones  with  fossils,  which  in  age  range  from  the  lower 
eocene  to  the  miocene. 

Time  did  not  permit  of  a  more  detailed  examination  of  the  area,  nor  were 
the  opportunities  and  the  state  of  the  country  favourable  for  such  work.  All 
I  could   do  was  to  separate  on  the  map  these  tertiaries    from  the  overlying 

'  As  for  instiince  north-east  of  Musakhoyl. 
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siwaliks  on  one  hand  and  the  supposed  fringing  belt  of  nommulitic  limestone  on 
the  other. 

Judging  from  the  one  line  along  which  we  traversed  this  area,  it  seems  pro- 
bable  that  the  rocks  composing  it  form  several  folds,  which  are  mnch  denuded  and 
locally  obscured  by  large  deposits  of  gravels.  Bat  the  succession  of  beds,  as 
nearly  as  could  be  ascertained,  is  as  given  in  the  table,  page,  182  of  this  paper. 

Below  the  clays  and  sandstones,  which  form  the  low  undulating  hill  ground 

Doubtfal  horizon  of  ®^  ^®  ^^^  *^^  Draband  rivers  between  the  Takht  range 
cerUin  tertiary  lime-  and  the  outer  (Siwalik)  hills,  certain  white  and  light  grey 
■*®°'^'*  bedded  limestones  crop  up,  which  contrast  markedly  with 

the  overlying  deeply  coloured  days.  They  are  flaggy  and  extremely  hard ; 
search  in  them  revealed  nothing  but  sections  of  Gasteropods  and  some  doubtful 
fossils.  Nummulites  I  have  not  found  in  them,  but  their  position  below  the 
undoubted  eocene  clays  and  sandstones  of  this  gpround,  and  also  a  certain  resem- 
blance lithologically  with  the  nummulitic  limestone  boulders  found  there,  would 
suggest  that  these  bedded  white  limestones  of  the  Zao  belong  to  the  uppermost 
portion  of  the  nummulitic  limestone  (7).  The  sketchy  nature  of  my  recon- 
naisance  of  this  valley  has  not  permitted  to  distinguish  these  outcrops  on  the 
accompanying  map  of  the  ground. 

Especially  well  exposed  is  it  in  the  river-bed  between  the  camping  grounds 
marked  on  the  map  as  Ouldad  Kach  and  Gandera  Kach,  where  it  forms  consi- 
derable  clifFs  on  both  sides  of  the  river.  In  position  it  is  best  seen  just  north  of 
Guldad  Kach,  where  the  sandstone  (8)  and  the  clays  (9)  are  seen  to  rest  quite 
conformably  on  it.  There  also  the  unconformity  between  this  tertiary  group 
and  the  upper  siwaliks  is  very  striking. 

It  apparently  is  in  situ  in  many  places  in  the  valleys  formed  by  the  Draband 
drainage,  as  can  be  seen  from  the  Kaiserghar  peak,  from  which  a  good  view  of  the 
whole  area  was  obtained  (see  b,  PI.  I).  It  seemingly  forms  a  low  escarpment 
facing  the  east  (and  the  siwalik  hills),  behind  which  (westward)  follow  the 
intensely  coloured  rocks  of  the  upper  eocene  formation. 

Near  the  entrance  to  the  Draband  valley  in  the  fringing  outer  (siwalik)  hills, 
the  white  limestone  may  be  seen  with  its  upper  green  and  red  beds  dipping 
westwards  and  unconformably  overlaid  by  the  conglomerates  and  sandstones  of 
the  siwaliks. 

Between  this  limestone  (7)  and  the  rocks  marked  (8),  (9),  and  (10)  in  the  section 

there  is  not  a  trace  of  the  slightest  unconformity,  whereas 
the  most  marked  discordance  between  this  group  and  the 
younger  siwaliks  is  observable.     The  still  younger  gravels  and  fan  deposits  of  the 
Zao  are  of  course  unconformable  to  both  the  older  tertiaries  and  the  siwaliks. 

The  next  higher  beds  are  formed  by  dark  brown  coarse  sandstones  and  grits ; 

they  are  present  in  all  the  outcrops  of  the  tertiary  beds 
'     '  in  the  numerous  streams  about  Guldad   Kach,  and  are 

seen  to  underlie  the  olive  and  red  clays  (9)  and  to  rest  on  the  white  limestone 
(7).  Apparently  it  contains  many  fossils,  and  a  larger  collection  might  have  been 
made  had  time  permitted.  Nummulites,  many  bivalves  (Peoten),  and  other 
fossils   are  found  in  great  numbers. 
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This  sandstone  is  easily  recognised  and  distingnislied  from  the  sandstones 
fonnd  at  higher  horizons.  The  material  of  which  the  beds  are  made  is  evidently 
calcareous,  and  in  places  is  nothing  else  but  a  breccia  composed  of  limestone 
fragments  and  shells. 

It  is  very  probable  that  this  horizon  is  identical  with  the  sandstone  (lower 
eocene)  described  by  Blanford  ^  from  the  Snleman  range. 

Locally  near  the  camping  ground   of  Gandera  Kach  in  the  Zao  valley,  I 

„,    ,    ,  ,  noticed  a  bed  of  black  carbonaceous  shale  intercalated 

Black  BDBlef . 

between  the  sandstone  (8)  and  the  white  limestone  (7). 

There  are  partings  of  shaly  sandstone  in  these  friable  black  shales,  and  there 

seems  no  definite  boundary  between  the  latter  and  the  coarse  sandstone  with 

Pecten,  <&c.    I .  have  only  noticed  these  shales  at  that  part  of  the  Zao  valley, 

and  it  may  be  possible  that  it  is  a  local  development  only.     The  resemblance  of 

the  black  shales  with  the  coal-bearing  beds  of  Much  in  the  Bolan  is  remarkable ; 

I  searched  in  consequence  for  coal  seams,  but  found  none.     I  am  told  by  Colonel 

MacLean,  1st  Punjab  Cavalry,  that  coal  seams  are  found  further  south  in  the 

neighbourhood  of  the  Dana  pass,  but  it  is  not  known  in  which  horizon  they  are 

found. 

There  is  a  niarked  contrast  between  the  coarse  sandstone  beds  (8)  and  the 

-^v  TT        w  overlying  beds.    Without  any  appearance  of  gradual  pass- 

(9)  Upper  Eocene.  -J     &  jj     i     .        Ji    x        t         x       i-      ^^ 

age,  there  appear  suddenly,  in  perfect  conformity,  olive  green 

and  densely  Indian  red  clays»  with  only  a  slight  indication  of  shaly  bedding,  but 

with  partings  of  rusty  brown  sandstone.     They  are  very  rich  in  fossils  ;  in  fact 

they  appear  more  or  less  made  up  of  foraminif  era,  bivalves  and  corals.     I  am  sorry 

to  say  that  our  daily  marching  prevented  my  making  a  good  "  bag  *'  of  them,  but 

still  the  collection  made  will  assist  in  defining  their  exact  horizon  when  compared. 

I  have  little  hesitation  in  identifying  this  clay  group  with  the  olive  green 
clays  of  the  upper  eocene  of  the  Suleman  hiils,  described  by  Blanford, 

The  olive  green  and  red  clays  occupy  nearly  all  the  slopes  of  the  low  hills 
forming  the  country  immediately  east  of  the  Takht  range.  Being  soft  and  easily 
carried  away  by  the  rains,  they  are  greatly  denuded  and  traversed  by  deep  ravines 
in  every  direction.  They  are  overlaid  by  the  harder  beds  of  the  next  succeeding 
horizon,  and  consequently  the  usual  effect  of  denudation  is  visible ;  the  clays 
and  sands  of  the  upper  eocene  are  gradually  removed  by  denudation  and  disintegra- 
tion, whilst  the  more  resisting  sandstones  of  the  higher  beds  slip  after  them.  The 
undercliff  is  therefore  generally  made  up  of  blocks  and  slipped  masses  of  the  higher 
beds,  whilst  the  latter  form  steep  escarpments  above  the  bright  coloured  clays  (9). 

From  the  high  point  Karzbina  (see  profile  a,  PL  I),  I  obtained  a  good*" view 
of  some  of  the  country  forming  the  lower  Zhob  and  Qomal  valleys.  As  far  as  I 
can  form  an  opinion  from  such  a  distance,  the  tertiary  beds  and  amongst  them 
the  bright  coloured  clays  of  the  eocene  series  are  largely  represented  in  these 
valleys ;  at  least  bands  resembling  those  seen  in  the  lower  Zao  are  seen  to  take 
part  in  the  formation  of  the  hills  on  the  lower  Zhob  and  Upper  Gomal.  Some 
high  hills  south-west  of  the  latter  also  seem  to  belong  to  the  tertiary  group. 
A  visit  to  this  ground  by  a  geologist  ought  to  be  extremely  interesting. 

>  Mom.,  G.  S.  1.,  Vol.  XX,  Pt.  2,  p.  85. 
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Conformably  resting  on  the  bright  coloured  strata  (9)  of  the  upper  eocene,  I 
(\0\  M*         bed         met  a  group  of  rocks,  mostly  sandstones  of  a  bright  reddish 

brown,  weathering  orange  coloured,  with  subordinate  beds 
of  sandy  shales  and  clays.  Some  beds  become  locally  grits  and  here  and  there  are 
almost  conglomeratic.  They  are  well  seen  in  the  nearly  flat-topped  hills  north- 
west of  Guldad  Kach,  where  they  form  steep  escarpments  above  the  upper  eocene. 
In  places  they  contain  many  fossils,  mostly  foraminifera  and  corals,  but  none  in 
very  favourable  condition. 

I  believe  I  may  safely  identify  these  beds  with  Blanford's  Nari  beds  of  iho 
Suleman  range,  which  he  considers  to  be  of  miocene  age. 

All  these  beds  are  of  marine  origin  and  are  continuous  in  succession,  not  a 
trace  of  unconformity  being  traceable  throughout,  from  the  lower  cretaceous  of 
the  Lobar  valley  to  the  miocene  sandstones  of  Guldad  Kach. 

The  tertiary  beds  of  the  Zao  and  Draband  valleys  are  seen  to  be  overlaid 
g.     ^,  unconformably  by  two   distinct    formations    of  gravels 

conglomerates,  sands,  and  sandstones. 
The  older  formation  of  these  two  occurs,  so  far  as  I  have  observed,  only  in  a 
more  or  less  narrow  belt,  just  fringing  the  marine  tertiary  zone  east  of  the  Takht, 
where  it  forms  a  high  rim  as  it  were  or  wall  of  broken  and  jagged  outline.  So 
far  as  outward  physical  appearance  goes,  there  is  no  difficulty  whatever  in  at 
once  identifying  this  fringing  belt  of  hills  with  the  Manchhars  or  Siwaliks  of 
Biluchistan,  which  I  have  seen  myself,  and  no  doubt  they  are  a  continuation  of 
the  siwaliks  of  the  hills  west  of  Dera  Ghazi  Khan  as  described  by  Blanford. 

The  beds  composing  these  hills  of  siwalik  rocks  all  dip  to  the  east  and  are 
seen  along  the  whole  line  of  boundary  to  rest  perfectly  unconformably  on  and 
almost  at  right  angles  with  the  marine  tertiary  beds  below.  This  feature  is 
especially  well  seen  west  of  the  gorge  which  the  Zao  stream  has  cut  through 
these  rocks,  which  is  called  the  Shekh  Hydur  Pass,  and  may  also  plainly  be 
observed  in  a  similar  position,  near  the  Draband  stream  gorge,  in  these  rocks  a  few 
miles  south  of  the  Shekh  Hydur  Pass. 

Apparently  only  the  upper  beds  of  the  Manchhars  or  Siwaliks  are  represented 

in  the  sections  east  of  the  Takht,  and  of  them  only  a  small 
reDre»ented.^^     ^^*    *      thickness  (comparatively)  is  exposed.     With  the  exception 

of  irregular  and  thick  beds  of  a  coarse  brown  sandstone, 
with  gritty  portions  and  a  few  clay  beds,  the  whole  group  seems  to  be  made  up 
of  coarse  conglomerates  of  eocene  and  cretaceous  limestones,  cemented  together 
by  a  sandy  matrix.  Fossils  I  have  none  out  of  it.  Towards  the  Draband  valley 
the  zone  seems  to  dwindle  in  width,  the  dip  increasing  and  the  beds  disappearing 
beneath  the  alluvium  of  the  Indus  plain  of  Draband. 

Distinct  from  the  conglomerates  of  the  outer  or  siwalik  zone  are  the  very 
P      ,       .  extensive  deposits  of  gravels  and  sands,  which  I  found  to 

rest  more  or  less  horizontally  on  the  marine  beds  of  the 
Zao  valley.  To  distinguish  these  extensive  deposits  on  the  map  was  quite  im- 
possible, as  the  outlines  of  the  overlying  patches  are  doubtless  very  complicated 
and  would  require  a  closer  examination  than  I  could  have  devoted  to  this  hostile 
duifoict.     In  general  appearance  they  resemble  the  upper  siwaliks  as  seen  in  the 
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fringing  belt ;  as  far  as  I  could  form  an  opinion,  angular  fragments  of  rocks, 
some  of  yery  large  size,  are  common  in  the  gravels  and  conglomerates  of  the  fan 
deposits.  Portions  of  the  siwalik  hills  near  the  Shekh  Hydur  Pass  are  also 
overlaid  unconf ormably  by  the  more  recent  gravelsy  so  that  I  believe  myself  to  be 
right  in  separating  them  altogether  from  the  former,  as  also  from  the  recent 
alluvial  beds  of  the  Indus  drainage. 

The  gravels  of  the  '^fans  "  increase  in  thickness  as  we  near  the  main  range  of 
the  Takht,  and  where  cut  through  by  the  streams  (such  as  the  Zao)  the  thick- 
ness of  the  .gravel  deposits  is  seen  to  be  some  500  or  600  feet.  Towards  the 
siwalik  belt  the  thickness  is  reduced  to  a  few  feet. 

I  believe  the  recent  gravels  belong  to  one  or  more  huge  fan  deposits  of  an 
older  drainage  of  the  Snleman  hills.  As  the  denudation  went  on  in  the  softer 
rocks  of  the  tertiary,  no  doubt  new  channels  were  cut  and  much  of  the  fans 
again  removed,  and  the  gorges  of  the  siwalik  outer  hills  formed,  leaving  patches 
of  the  younger  gravels  high  above  the  level  of  the  present  streams. 

Distinct  from  the  fan  deposits  are  the  alluvial  beds  of  the  present  streams, 

.  ,      ...  such  as  the  boulder  and  gravel  deposits  and  sands  of  the 

IndaB  aUaviam.  ^  *^ 

Zao  and  Draband  streams  and  the  fine  silt  and  clayey 
sands  of  the  Indus  valley  east  of  the  hills  of  upper  siwalik  age. 

To  this  most  recent  formation  of  debris  of  course  belong  the  taluses  of  the 
various  ranges  and  the  huge  boulders  which  have  caused  so  much  trouble  to  the 
caravans  passing  through  the  narrow  defiles  of  the  Suleman  range,  such  as,  for 
instance,  the  Zao  defile.  In  some  parts  this  defile  seems  filled  with  a  confused 
mass  of  strange  shaped  limestone  boulders,  and  at  least  one  is  a  well  known,  and 
I  might  almost  say,  historic  boulder,  i.e.,  the  Sar-i-Sang  (see  fig.  5).  Others 
are  denuded  by  the  streams  into  strange  shapes,  such,  for  instance,  as  is  shown  in 
the  view,  fig.  1. 

Their  origin  is  simple  enough ;  most  of  them  belong  to  the  dense  grey  coral 
limestone  of  the  upper  cretaceous  group ;  the  entire  mass  of  which  appears  to  be 
greatly  jointed  and  separated  into  large  solid  masses.  The  sides  of  the  defile  are 
almost  vertical  and  therefore  very  little  of  the  disintegration  which  must  always 
take  place  would  suffice  to  send  huge  intact  blocks  down  the  precipitous  sides  to 
be  afterwards  worn  into  various  shapes  by  the  tremendous  rush  of  water  which 
fills  the  defiles  during  the  rainy  seasons.  The  Sar-i-Sang  has  fallen  into  one  of 
the  narrowest  parts  of  the  defile,  where  it  has  jammed  itself  fast.  The  river 
flowing  round  it  has  denuded  it  into  a  more  or  less  round  shape,  whilst  graduallj 
its  base  became  enveloped  in  silt  and  gravels. 


Note  on  the  Smooth- water  Anchorages  of  the  Travancore  coast,  hy  R.  D.  Oldham, 

A.R.S.M.,  Geological  Survey  of  India. 

On  the  Travancore  coast  there  are  certain  spots  where,  in  the  height  of  the 
south-west  monsoon,  and  on  a  coast  exposed  to  its  full  force,  ships  can  always 
anchor  in  smooth  water.  These  anchorages  have  long  been  known  to  marinerSt 
and  have  at  various  times  attracted  attention.  In  1881  they  were  visited  by 
Pr.  W.  King,  Deputy  Superintendent  of  the  Geological  Survey  of  India,  who 
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fnnging  belt ;  as  far  as  I  could  form  an  opinion^  angular  fragments  of  rocks, 
some  of  very  large  size,  are  common  in  the  gravels  and  conglomerates  of  the  &n 
deposits.  Portions  of  the  siwalik  hills  near  the  Shekh  Hydur  Pass  are  also 
overlaid  unconformablj  by  the  more  recent  gravels,  so  that  I  believe  myself  to  be 
right  in  separating  them  altogether  from  the  former,  as  also  from  the  recent 
alluYial  beds  of  the  Indus  drainage. 

The  gravels  of  the  '^fans  "  increase  in  thickness  as  we  near  the  main  range  of 
the  Takht,  and  where  cut  through  by  the  streams  (such  as  the  Zao)  the  thick- 
ness of  the  .gravel  deposits  is  seen  to  be  some  500  or  600  feet.  Towards  the 
siwalik  belt  the  thickness  is  reduced  to  a  few  feet. 

I  believe  the  recent  gravels  belong  to  one  or  more  huge  fan  deposits  of  an 
older  drainage  of  the  Snleman  hills.  As  the  denudation  went  on  in  the  softer 
rocks  of  the  tertiary,  no  doubt  new  channels  were  put  and  much  of  the  fans 
again  removed,  and  the  gorges  of  the  siwalik  outer  hills  formed,  leaving  patches 
of  the  younger  gravels  high  above  the  level  of  the  present  streams. 

Distinct  from  the  fan  deposits  are  the  alluvial  beds  of  the  present  streams, 

,  ,      ...  such  as  the  boulder  and  gravel  deposits  and  sands  of  the 

ZsLO  and  Draband  streams  and  the  fine  silt  and  clayey 
sands  of  the  Indus  valley  east  of  the  hills  of  upper  siwalik  age. 

To  this  most  recent  formation  of  debris  of  course  belong  the  taluses  of  the 
various  ranges  and  the  huge  boulders  which  have  caused  so  much  trouble  to  the 
caravans  passing  through  the  narrow  defiles  of  the  Suleman  range,  such  as,  for 
instance,  the  Zao  defile.  In  some  parts  this  defile  seems  filled  with  a  confused 
mass  of  strange  shaped  limestone  boulders,  and  at  least  one  is  a  well  known,  and 
I  might  almost  say,  historic  boulder,  i.e.,  the  Sar-i-Sang  (see  fig.  5).  Others 
are  denuded  by  the  streams  into  strange  shapes,  such,  for  instance,  as  is  shown  in 
the  view,  fig.  1. 

Their  origin  is  simple  enough ;  most  of  them  belong  to  the  dense  grey  cond 
limestone  of  the  upper  cretaceous  group ;  the  entire  mass  of  which  appears  to  be 
greatly  jointed  and  separated  into  large  solid  masses.  The  sides  of  the  defile  are 
almost  vertical  and  therefore  very  little  of  the  disintegration  which  must  always 
take  place  would  suffice  to  send  huge  intact  blocks  down  the  precipitous  sides  to 
be  afterwards  worn  into  various  shapes  by  the  tremendous  rush  of  water  which 
fills  the  defiles  during  the  rainy  seasons.  The  Sar-i-Sang  has  fallen  into  one  of 
the  narrowest  parts  of  the  defile,  where  it  has  jammed  itself  fast.  The  river 
flowing  round  it  has  denuded  it  into  a  more  or  less  round  shape,  whilst  gradually 
its  base  became  enveloped  in  silt  and  gravels. 


Note  on  the  Smooth- water  Anchorages  of  the  Travancore  coast,  hy  B.  D.  Oldham, 

A.R.S.M.,  Oeological  Survey  of  India, 

On  the  Travancore  coast  there  are  certain  spots  where,  in  the  height  of  the 
south-west  monsoon,  and  on  a  coast  exposed  to  its  full  force,  ships  can  always 
anchor  in  smooth  water.  These  anchorages  have  long  been  known  to  mariners, 
ajid  have  at  various  times  attracted  attention.  In  1881  they  were  visited  bj 
Dr.  W.  King,  Deputy  Superintendent  of  the  Geological  Survey  of  India,  who 
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found  that  the  mnd  which  formed  the  sea-bottom  was  not  only  greasy  to  the 
touch,  but  on  analysis  proved  to  contain  an  appreciable  quantity  of  oil  to  which 
he  attributed  the  smoothness  of  the  water ;  this  opinion  has,  however,  been 
criticised  by  a  writer  in  the  Madras  Mail  (9th  April  last),  who  gave  a  totally 
different  explanation,  which  I  shall  try  to  explain  as  briefly  as  possible. 

In  the  open  sea  the  particles  of  water  which  form  the  waves  move  in  approxi- 
mately circular  paths,  each  separate  particle  moving  upwards,  then  forwards,  and 
80  round  by  a  downward  and  backward  motion  to  its  original  position  ;  as  long 
as  the  waves  are  in  deep  water  they  move  forward  as  rollers,  but  the  water 
itself  does  not  move  forward  except  so  far  as  it  is  forced  forwards  by  the  wind 
in  a  manner  I  shall  explain  afterwards. 

Now,  if  these  waves  come  on  to  a  shelving  beach,  the  particles  of  water  are  not 
free  to  move  backwards  in  the  lower  part  of  their  course,  but  a^  restrained  by 
friction  on  the  beach,  and  the  consequence  is  that  those  particles  which  are 
moving  forwards  in  their  course  get  ahead  of  the  others,  and  the  wave  curls 
over  and  breaks.  But  a  solid  shore  is  not  necessary  to  make  the  waves  break, 
for  suppose  it  to  be  replaced  by  some  liquid,  like  treacle  or  tar  whose  particles 
have  not  nearly  the  same  freedom  of  motion  as  water,  the  lower  part  of  the  waves 
would  be  held  back  in  the  same  way  as  by  a  solid  shore,  but  to  a  less  extent ;  so 
that  the  wave  could  travel  further  without  breaking,  but  must  break  at  last. 

The  theory  of  the  writer  in  the  Madras  Mail  is  this :  We  know  that  during 
the  monsoon  large  quantities  of  fresh  water  are  poured  off  the  land  into  the  sea, 
that  on  these  mud  banks  fresh  water  may  sometimes  be  taken  in  alongside, 
that  in  any  case  the  water  at  the  surface  is  much  fresher  than  sea  water,  and 
being  in  consequence  lighter,  floats  out  to  sea  on  top  of  the  heavier  sea  water. 
Now,  the  difference  between  fresh  water  and  salt  is  of  the  same  in  kind  as  that 
between  water  and  treacle,  though  less  in  degree  ;  the  separate  particles  of  salt 
water  have  not  so  great  a  freedom  of  motion  as  those  of  fresh  water ;  and  if,  as 
is  the  case  in  these  mud  banks,  the  salt  water  is  charged  with  fine  mud,  the  differ- 
ence is  increased.  Let  us  suppose,  then,  that  outside  the  anchorage  is  a  strip  of 
sea  where  there  is  a  shallow  layer  of  comparatively  fresh  water  lying  upon  muddy 
salt  water.  The  great  waves  raised  by  the  south-west  monsoon  roll  into  this, 
but  immediately  they  reach  it  the  bottom  of  the  wave  is  held  back  on  account  of 
the  less  freedom  of  motion  of  the  particles,  or  the  greater  viscosity  of  the  salt 
water ;  and,  if  only  this  layer  of  fresh  water  is  broad  enough,  they  will  break  and 
be  destroyed.  In  this  way  the  absence  of  the  larger  waves  from  these  anchor- 
ages might  be  explained.  But  there  is  another  class  of  waves  which,  in  comparison 
with  the  first,  might  be  called  ripples  ;  these  are  not  large  enough  to  follow  at 
anything  like  the  same  rate  as  the  wind,  for  the  larger  a  wave  the  faster  it 
travels,  and  in  consequence  the  crests  are  often  blown  over  by  the  wind.  It  is  to 
these  that  the  small  patches  of  foam  are  due  which  may  be  seen  forming  on  the 
tops  of  the  waves  even  in  the  open  ocean,  and  which  are  often  called  *'  breakers  " 
by  landsmen,  though  their  true  nature  is  very  different  from  that  of  the 
breakers  formed  on  shore.  I  have  not  any  definite  information  as  to  whether 
these  may  or  may  not  be  seen  on  the  anchorages ;  if  they  are  not,  it  is  most 
probably  due  to  the  oil  in  the  mud,  which,  however,  would  hardly  account  for 
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tHe  absence  of  the  larger  waves  raised  by  the  monsoon  acting  on  hundreds  of 
miles  of  sea. 

At  present  so  little  is  known  of  the  facts  regarding  these  anchorages  that  no 
proper  explanation  can  be  given,  and  it  is  with  a  view  to  obtaining  the  necessary 
information  that  the  following  interrogatory  is  issued.  When  the  answers  are 
collected  we  should  be  in  a  position  to  give  the  true  explanation  of  these  very 
peculiar  and  very  interesting  patches  of  smooth  water. 

General. 

1.  What  experience  have  you  had  of  the  Western  coast  P 

2.  Are  you  personally  acquainted  with  the  smooth-water  anchorages  of 
Alleppy  and  Narrakal ;  if  so,  about  how  often  have  you  anchored  there  f 

3.  Do  you  know  of  any  other  similar  places  on  the  Western  coast  where 
smooth  water  can  be  found  during  the  south-west  monsoon  P  If  so,  what  kind 
of  bottom  is  found  on  them  P 

4.  What  is  your  experience  near  the  mouths  of  rivers  and  other  places  where 
the  surface  of  the  sea  is  covered  with  fresh  or  brackish  water  during  the  mon- 
soons P  Do  the  waves  in  six  fathoms  of  water  and  over  generally  run  as  large  as 
in  the  open  sea,  or  are  they  markedly  smaller  P 

Alleppy  and  Nabraeal  banks. 

5.  Have  you  ever,  during  the  south-west  monsoon,  known  the  sea  over  these 
banks  to  be  salt — not  merely  brackish,  but  as  salt  as  outside  them  P  If  so,  was 
the  water  smooth  or  rough  P 

6.  Of  what  size  are  the  waves  ordinarily  seen  during  the  south-west  monsoon 
on  the  anchorages  at  Alleppy  and  Narrakal,  and  do  they  show  broken  water  on 
their  crests  to  any  extent  P 

7.  Have  you  ever  noticed  a  film  of  oil  on  the  surface  of  the  water  at  Alleppy 
or  Narrakal  P 


Notes  on  Auriferous  Sands  of  the  Subansiri  Riyer ; — Pondicherry  Lignite  • and 

Phosphatic  Rocks  at  Musuri,  hy  Will.  Kinq,  B.A.,  D.Sc,  Officiating  Super- 
iniendent,  Geological  Survey  of  India. 

1. — ^Auriferous  Sands  of  the  Subansiri  River. 

It  has  been  long  known  that  gold  is  obtainable  in  a  small  way  from  the  sands 
of  the  Assam  rivers,  bnt  fresh  hopes  regarding  their  productiveness  have  been 
raised  through  some  reported  rich  washings.  On  the  2nd  June  last  the  follow- 
ing telegraphic  report  was  given  in  the  Englishman  of  that  date  : — 

"  DiBBDOABH,  Mat  30. 

"  Mr.  Scott  Campbell,  who  has  the  monopoly  of  gold  waehing  in  North  Lakhimpar,  has 
received  from  Mestn.  King,  Humilton  k  Co.  the  results  of  an  analysis  of  some  specimens  of 
average  washings  from  the  Subansiri  sands.  In  100  parts  of  washed  sand  decimal  161  of  gold 
were  found,  being  over  twenty-six  ounces  per  ton.  Former  rough  tests  by  local  goldsmiths  gave 
about  nine  ounces  per  ton.  Specimens  of  Subansiri  washings  have  also  been  sent  to  London  for 
analysis.    The  phice  whence  washings  were  taken  is  well  in  British  territory*  below  the  Pithilibain 
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tea  garden.  Unleas  the  analyfts*  figures,  as  given  by  Afessra.  King,  Hamilton  k  Co.,  are  erroneoni 
or  the  specimeni  unfair,  the  Subansiri  sands  must  be  the  richest  alluvial  gold  deposit  known. 
Mr.  Campbell  guarantees  the  specimens  analj:^  as  average  washings." 

This  is  sufficiently  startling  in  its  suggestions  of  the  richness  of  these  sands ; 
and  a  leading  article  on  it,  in  the  same  paper,  attracted  the  attention  of  the  Gov- 
ernment of  India. 

Subsequent  correspondence  made  me  acquainted  with  the  analyst,  who  wrote 
that  he  had  based  his  calculation  on  the  Assay  Table  in  Mitchell's  Manual  of  As- 
saying, which  table  is  made  out  on  the  proportion  that  if  200  grains  of  ore  give 
fine  metal  at  such  and  such  a  rate,  then  one  ton  of  ore  will  yield  so  much.  The 
proportion  of  *  161  grains  of  the  telegraphic  account  had,  however,  been  obtained 
in  100  grains  of  the  n[iaterial,  and  by  an  oversight,  the  rate  of  over  26  ounces  to 
the  ton  was  given  instead  of  double  that  amount,  or  52  oz,  11  dwts.  20  grs. 

I  have  italicised  the  word  '*  ore  "  in  the  last  paragraph,  because  that  word  is 
used,  in  the  Assay  Table  quoted,  as  a  synonym  for  "  mineral ''  or  vein-stufE,  and 
cannot  for  a  moment  be  considered  as  applicable  to  washed  sand.  Indeed,  if  the 
term  ore  is  to  be  used,  then  the  ore  in  the  present  case  is  the  Subansiri  sand, 
not  the  washed  part  of  it.  It  is  this  misuse  of  terms,  and  estimation  on  a  parti- 
cular filtering  or  sifting  of  a  material  known  to  contain  gold  dust,  which 
invalidate  the  whole  argument.  All  that  has  been  elucidated  by  Mr.  Campbell's 
find  and  the  assay  is  that  a  minute  quantity  of  washed  sand  gives  a  good  percen- 
tage of  gold ;  nothing  is  vouchsafed  as  to  the  amount  of  river  sand  which  was 
treated  for  this  residue,  or  of  the  time  and  labour  consumed  in  that  treatment. 

It  appears,  from  previous  observations,  to  be  a  fairly  well  established  fact  that 
the  Subansiri  sands  have  generally  given  the  best  yields  among  the  many  rivers  of 
the  Lakhimpur  district  which  itself  is  one  of  the  most  favoured  of  the  auriferous 
regions  in  Assam.  For  instance,  it  is  recorded  that  the  average  yield  of  the  Su- 
bansiri river,  about  1853,  was  from  three  to  four  poujids  of  gold  for  the  year. 
There  is  little  doubt  that  improved  methods  of  running  such  sands  through 
cradles  should  make  the  out-turn  better  than  it  ever  has  been  under  the  crude 
manipulation  of  the  native  washer :  but  that  this  will  ever  come  near  the  anticipa- 
tions of  Mr.  Campbell  is  more  than  the  indications  of  the  rocks  of  the  up-land 
country,  or  the  history  of  gold  washing  in  Assam  will  allow.  At  the  very  best, 
there  may  be  spots  in  the  great  plain  of  the  Brahmaputra  which  hold  gold  in 
some  quantity,  but  the  hitting  ofE  these  is  almost  as  chance  a  thing  as  can  be  con- 
ceived in  so  essentially  precarious  an  occupation  as  gold  prospecting. 

There  is,  moreover,  some  very  suggestive  evidence,  adducible  from  actual  out- 
turns of  gold  from  washed  sands  in  the  Lakhimpur  district,  as  ascertained  by 
Colonels  Dalton  and  Hannay  in  1855. 

**  This  gold  was  obtained  partly  in  a  Californian  cradle  washed  by  four  men  at  Qururaora,  18 
miles  below  Bhramakhund.  Two  and  a  half  tons  of  stuff  which  were  passed  through  it  yielded  80 
(Trains,  or  in  value  Be.  2-8.  In  the  native  trough  (or  duruni),  washed  by  three  men,  the  yield  from 
18  cwt.  of  stuff  washed  in  one  day  was  about  12  grains,  or  in  value  1  rupee.  The  natives  looked 
upon  this  as  a  poor  yielod,  stating  that  after  a  flood  they  sometimes  got  double  that  amount." ' 

It  is  hardly  necessary  to  point  out  that  this  very  practical  mode  of  testing  tbe 

> Manual  of  the  Geology  of  India,  Part  III,  p.  225. 
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anriferousness  of  the  sands  is  of  infinitely  more  valne  than  any  estimate  based 
on  an  examination  of  a  sample  of  concentrated  washings. 

2. — Pondicherry  Lignite. 

During  the  last  two  years  yarions  reports  have  appeared  at  odd  times 
regarding  an  eztensiye  and  thick  deposit  of  lignite  occurring  between  Pondicherry 
and  Cuddalore,  which  is  to  be  compressed  into  bricks  or  patent  fuel,  and  so  help 
to  relieve  Madras  from  the  reproach  of  having  no  coal  or  other  mineral  form  of 
fuel  within  its  proper  borders. 

Mons.  Poilay,  the  Engineer  of  the  Company  which  proposes  to  utilize  this 
resource,  was  the  discoverer  of  the  deposit ;  and  it  is  from  this  gentleman  that  I 
have  personally  and  by  letter,  always  received  the  most  obliging  information 
concerning  its  occurrence. 

Two  thick  beds  of  a  dark  brown  or  black  deposit,  some  of  which  I  would 
rather  describe  as  a  carbonaceous  mud  than  a  lignite,  were  struck  during  some  of 
the  artesian  boring  operations  in  the  alluvial  flat  between  Cuddalore  and  Pondi- 
cherry,  though  still  in  French  territory.  Subsequent  borings  were  carried  out 
at  Bavur  or  Bahour  (French),  Koniakovil,  and  Aranganur,  three  villages  at  the 
comers  of  an  acute  triangular  area  having  its  longest  side,  of  about  5  miles, 
between  Bdvur  and  Koniakovil. 

The  boring  at  Bdvur  pierced  a  bed  of  this  carbonaceous  deposit  (*'  Lignite 
tr&s  noir  avec  pyrite  de  fer  "  of  Mr.  Poilay *s  section)  nearly  35  feet  thick,  at  a 
depth  of  275^  feet.  At  Aranganur,  nearly  2  miles  north-north-east  of  Bavur,  a 
similar  deposit  ("  Lignite  pur  ")  over  27  feet  thick  was  struck  at  203  feet ;  and  at 
94  feet  deeper  another  bed  ("  lignite  *')  h\  feet  in  thickness.  This  last  would 
appear  to  correspond  to  a  very  thin  streak  at  Bdvur,  some  30  feet  below  the  thick 
seam  at  that  place.  At  Koniakovil,  a  little  more  than  5  miles  north-east  by  north 
of  Bavur,  a  50  feet  bed  of  "Lignite  noir  compacte  "  was  met  with  at  330  feet. 

Other  borings  in  the  intermediate  ground  may  have  been  made  since  the  last 
bore  sections  (dated  20th  October  1883)  were  supplied  to  me  by  my  friend  Mr, 
Poilay  ;  but  I  have  received  no  further  information  on  this  point.  It  is  assumed 
that  these  three  borings  have  struck  the  same  thick  bed,  and  that  it  may  be  fairly 
continuous  over  the  triangular  area  at  least,  as  a  great  bed  among  the  alluvial 
deposits.  If  all  this  be  true  and  if  the  deposit  come  up  to  the  standard  reported 
of  it,  then  undoubtedly  Mr.  Poilay's  estimate  of  several  hundred  millions  of  tons 
of  fuel  is  not  exaggerated. 

Some  assays  of  the  material  do  not,  however,  bear  favourable  comparison  with 
those  which  were  in  the  first  instance  made  for  the  explorers  by  French  chemists. 
On  the  other  hand,  rather  more  promising  but  still  unsatisfactory  results  have 
lately  become  public,  through  a  report  by  the  Officiating  Chemical  Examiner  for 
the  Bengal  Government,  to  which  reference  will  be  made  further  on. 

The  original  assays,  given  in  a  preliminary  notice  by  Mr.  Poilay,  are  suffi- 
ciently promising : — 

"  The  assay  of  a  sample  of  this  lignite,  based  on  a  report  drawn  np  by  M.  Philaire  "  Phar- 
macien  de  la  Marine  ^  Pondichcry,"  dated  4th  May  1882,  gives  by  calcination,  6  i»€r  cent,  of  ash, 
i9  per  cent,  of  volatile  matter,  and  45  per  cent,  of  coke ;  dullish  black  blistered,  nneqaal  fracture, 
friable,  without  woody  texture 
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"  The  elementary  analyns  gmve  the  following  reeolt : — 

Carbon 59*9 

Hydrogen        .........  5*78 

Oxygen  and  Azote    .         .         .         .         .  .  .28*32 
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94-00 


*'  The  calorific  power  of  this  combnstible,  as  determined  by  M.  Philaire,  is  4,182,  with  a  density 
of  1-1  fc3." 

Subsequent  exanuDation  in  Paris  gave  even  better  and  presumably  more  re- 
liable results :  thus,  seven  samples  gave  a  mean  of  8*35  of  ash  and  91*65  of  volatile 
matters  and  coke. 

A  comparison  is  then  instituted  between  the  Bdvur  deposit  and  the  lignite 
of  the  Bouches  de  Rhone,  in  the  following  table  :— 

!>/, Bonches  de 

^'^^'  Rhone. 

Density 1-183  1-254 

Nature  of  Coke.  lutamesced.     Palvemlent. 

Carbon 69*90  63*88 

Hydrogeu 6*78  4*68 

Oxygen  and  Azote 28  32  1811 

Ash 6*00  18-43 

10000  10000 

Hydrogen  in  excess 2*24  232 

Calorific  power 4182  6961 

Our  own  trials  of  samples  of  this  deposit  gave  very  different  results.  Mr.  Poilay 
very  kindly  intrusted  several  pounds  weight  of  some  to  me,  which  he  warned  me 
was  not  as  good  as  that  of  the  proper  thick  bed,  and  which  was  from  the  lower 
thin  streak.  This  was  a  nearly  black,  or  brownish-black,  crumbly,  slightly  sandy 
carbonaceous  mud  which  soiled  the  fingers.  I  expressed  my  doubts  as  to  the 
proper  lignitic  character  of  the  material ;  but  M.  Poilay  seemed  to  have  every 
oonfidence  in  the  sample  he  was  thus  confiding  to  my  care.  It  was  then  sub- 
mitted to  my  colleague,  Mr.  F.  Mallet,  in  the  Survey  laboratory.  Some 
20  to  25  &s.  of  the  black  mud  were  powdered  and  well  mixed  up,  a  sample  of 
which  gave  the  following  composition  : — 

Moisture 2200 

Volatile  matter  (exclusive  of  water) 23*90 

Fixed  Carbon 21*60 

Ash 32*50 


10000 


Do«i  not  cake,  aih  light  bnff. 
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A  former  analysis  hy  Sub- Assistant  Hira  Lai  gave— 

Moisture 16*76 

Volatile  matter  (exclasive  of  water)           ....  26*66 

Fixed  Carbon 84*30 

Ash 22*28 


100*00 


Doea  not  cake»  ash  reddish. 

A  conple'of  months  later,  Mr.  Mallet  wrote  to  me  :^- 

"  Mr.  Dn\j,  of  the  Bengal  Pilot  Service^  lately  bionght  np  some  more  samples  of  the  Pondicherry 
lignite,  and  some  mannfactored  snb-cylindrical  bricks.  It  is  evident  that  the  staff  varies  very 
mneh  in  composition,  as  may  be  seen  by  comparing  these  analyses  with  those  previously  made." 

Lignite.  Brick. 

Moisture 85*3  17*4 

Volatile  matter  (exclusive  of  water)  29*1  25*6 

Fixed  Carbon 25*2  230 

Ash 10*4  340 


100*0  100*0 


Does  not  cake.  Does  not  cake, 

ash  ochre  yellow.      ash  buff  white. 

This  lignite  is  a  black-brown  hardened  mnd,  with  a  few  minute  sandy  particles 
scattered  through  it,  carbonaceous. 

The  latest  examination  of  the  Bavur  lignite  is  that  made  by  Mr.  Waddell,  the 
Officiating  Chemical  Examiner  for  the  Bengal  Government ;  ^  and  here  again  are 
some  curious  results,  though  they  do  come  nearer  the  original  assays  put  forward 
by  M.  Poilay  :— 

These  specimens  of  lignite  and  patent  fuel  were  submitted  to  Dr.  Waddell 
by  the  Public  Works  Department,  Government  of  Bengal,  namely : — Lignite  in 
its  normal  condition ;  Lignite  mixed  with  tar  and  allowed  to  dry  in  block ;  and 
Lignite  macerated  and  mixed  with  water  and  allowed  to  dry  in  block.  The  "  lignite 
in  its  normal  condition  "  is  described  as  of  a  jet  black  colour  with  a  somewhat 
vitreous  fracture  and  devoid  of  ligneous  structure.  This  is,  of  course,  the  form 
(normal  condition)  in  which  every  one  would  first  of  all  prefer  examining  the 
deposit ;  but  I  am  bound  to  state  that  none  of  the  material  supplied  to  the  Survey 
answers  this  description. 

Our  specimens  answer  rather  to  the  macerated  lignite  sent  to  Dr.  Waddell 
which  "  was  of  dark  brown  colour,  dull  fracture,  thickly  sewn  with  numerous 
white  siliceous  particles,  dry  to  the  feel,  and  readily  crumbled  under  pressure  :*' 
except  that  they  were  not  so  sandy  or  full  of  siliceous  particles. 

So  far,  it  seems  very  evident  that  a  varied  assortment  of  substances  has 
been  submitted  for  examination :  thus,  samples  from  the  upper  seam,  specimens 
from  the  lower  bed,  and  manufactured  bricks  of  kinds,  as  well  as  a  macerated 
article  which  it  is  difficult  to  comprehend. 

^  I  first  became  aware  of  this  report,  by  seeing  it  noticed  in  the  Madnu  Mail ;  bnt  my 
present  informatiou  is  from  a  copy  supplied  to  me  by  the  Revenue  and  Agricultoral  Department. 
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I  will  now  take  tHe  liberty  of  reprodncing  Dr.  WaddelFs  analyses,  merely  run- 
ning his  separate  tables  for  calorific  power  and  chemical  composion  into  one :— 


No.  1. 

No.  2. 

No.  8. 

Samples. 

Lignite,  maoented 
and  mixed  with 

water  aad  allowed 
to  dry  in  block. 

Lignite  mixed 
with  tar  and 
allowed  to  dry 
in  block. 

Lignite  in  ite 
natoral  condition. 

Calorific  effect 

6047 

6882 

5818 

Water 

Volatile  Hydro-carbonB 

(  Carbon,  fixed 

Coke     ] 

(Ash 

9  750 
84*210 
28-090 
82-950 

9-146 
80-883 
29-402 
81067 

16-276 

88*661 

87-720 

7-451 

Total 

100000 

99  997 

99-998 

Lo«8 

•008 

•002 

On  the  face  of  it,  these  substances  are  suf&ciently  incongruous  in  their  condi- 
tion,  in  their  calorific  power,  and  in  their  amount  of  ash.  It  is  not  clear 
whether  they  have  been  procured  from  the  same  portion  of  the  lignite  bed : 
indeed  it  is  more  clear  that  they  have  not  been  so  selected :  and  therefore  they 
fire  hardly  worth  consideration  as  giving  comparative  values. 

On  the  whole,  sample  No.  3,  which  has  by  all  accounts  remained  free  from 
treatment  in  any  way,  is  the  best  fuel  of  the  three ;  and  I  should  not  be  at  all 
surprised  to  find  that  it  is  a  specimen  from  a  band,  or  seam,  or  pocket,  of  more 
perfect  lignite  in  the  main  thick  bed.  The  calorific  power  of  this  sample  (No.  3) 
is  also  comprehensible ;  but  such  is  not  the  case  with  No.  2  which  with  less 
fixed  carbon  and  23  per  cent,  more  of  ash  gives  nearly  1,000  more  units  of  heat. 
Another  very  remarkable  feature  about  all  these  assays  is  this,  that  when  once  an 
artificial  brick  is  made,  the  ash  increases  enormously. 

In  any  case,  samples  (1)  and  (2)  are  very  poor  in  spite  of  the  calorific  power 
attributed  to  them ;  and  it  is  inconceivable  how  a  locomotive  or  a  steam-boat 
conld  be  benefited  by  carrying  about  patent  fuel  containing  31  to  32  per  cent,  of 
ash. 

The  fact  is,  further  and  many  assays  and  trials  of  average  specimens  of  the 
lignite  itself  and  the  manufactured  bricks  must  be  made  before  any  fair  estimate 
can  be  arrived  at  of  the  capabilities  of  this  deposit.  As  far  as  I  can  see,  the 
problems  to  be  solved  in  the  development  of  this  industry,  as  indicated  by  the 
experiments  now  extant,  are  how  to  get  rid  of  an  enormous  amount  of  ash  and 
moisture,  and  how  to  consolidate  the  bricks  by  a  medium  the  price  of  which 
shall  not  handicap  the  working  of  the  deposit. 
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3. — Phosphatic  Beds,  Mnsnri. 

A  very  interesting  discovery  has  been  made  at  Musnri  by  the  Rev.  J.  Parsons 
of  Midlands,  in  which  also  Dr.  H.  Warth  participated.  Nodular  bands  have 
been  long  known  as  occurring  in  the  black  shales  of  Mnsnri,  but  while  Mr. 
Parsons  has  been  hammering  among  them  for  some  years  with  the  hope  of  finding 
fossils,  and  thus  finding  a  more  exact  clae  to  the  age  of  these  rocks,  he  was  struck 
by  the  marvellously  bivalve-like  appearance  of  some  of  the  nodules.  Indeed,  the 
shape  and  even  foraminal.like  beak  of  some  of  them,  give  at  first  sight  a  remark- 
able semblance  to  certain  terebratulidae.  There,  however,  the  likeness  ceases, 
and  the  true  nodular  structure  of  the  sub-ellipsoidal  bodies  soon  becomes  evid^t. 

It  was  next  ascertained  by  Dr.  Warth  that  these  nodules  and  a  thin  seam  of 
rock  associated  with  them  contained  a  sensible  amount  of  phosphoric  acid. 

Mr.  Parsons  then  sent  several  parcels  of  the  nodules  to  the  Survey  for  exami- 
nation ;  and  a  later  supply  of  them,  together  with  fragments  of  the  rocky  seam 
(supposed  to  be  phosphorite)  were  sent  on  to  us  by  the  Revenue  and  Agricultural 
Department  as  from  Dr.  Warth. 

The  nodules  present  none  of  the  characters  of  coprolites  ;  they  are  merely  con- 
cretionary forms  of  a  nearly  black  or  dark-grey  colour,  generally  rough  on  the 
surface,  but  occasionally  smooth  and  rather  soapy  to  the  feel,  and  rather  hard- 
They  are  only  very  slightly  calcareous.  Some  of  them  are  not  even  phosphatic 
or  only  very  slightly  so  ;  indeed,  they  are  extremely  varied  in  their  constitution 
according  to  the  greater  or  lesser  amount  of  their  components  or  the  absence  of 
one  or  other  of  them.  Taken  in  numbers,  they  are  on  the  other  hand  essentially 
phosphatic,  though  not  with  lime  phosphate. 

A  preliminary  assay  of  one  by  Mr.  Blyth,  the  Museum  assistant,  showed  no 
trace  of  phosphorous  :  but  further  trials  of  a  few  gave  as  much  as  4*89  per  cent, 
of  phosphoric  acid. 

The  so-called  phosphorite  occurs  in  thin  seams  associated  with  the  nodules. 
It  is  a  nearly  black,  hard,  somewhat  vesicular  (from  the  weathering  out  of  ? 
sulphate  of  baryta)  volcanic-looking  rock,  sprinkled  through  with  smaU  crystalli- 
sations of  heavy  spar.  The  colour,  and  the  harsh  somewhat  scabrous  look,  give 
the  volcanic  aspect ;  but  the  rock  is  really  only  a  non-nodul&r  part  of  the  shale 
band.  It,  too,  has  the  varying  constitution  of  the  nodules ;  and  may  be  called 
a  phosphatic  rock. 

The  specimens  were  next  submitted  to  my  colleague,  Mr.  E.  J.  Jones,  who* 
after  a  most  careful  series  of  experiments  determined  their  composition  as 
follows  : — 

*'  Results  of  analysis  of  portions  of  eight  nodule?. 
Phosphate  of  Alumina. 

„  „  Lime. 

„  „  Mngnesia. 

Silicate  of  Alumina. 
Sulphate  of  Barjta 
Traces  of  Phosphate  of  Iron. 
„      „  Sulphide  of  Copper. 
Carbonaceous  matter. 
Silica. 
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Hydrofluoric  Acid, 
and  small  quantities  of  Iron,  Magnesia  and  Lime,  not  as  phosphates. 

*'  Results  of  analysis  of  a  rock  supposed  to  be  photphorite  :  ^ 

Phosphate  of  Alumina. 

„  „  Lime. 

„  „  Magnesia. 

Silicate  of  Alumina. 
Sulphate  of  Baryta. 
Sulphide  of  Copper t (traces). 
Phosphate  of  Iron  (traces). 
Carbonaceous  matter. 
Silica 

and  traces  of  Lime,  Magnesia,  and  Iron,  not  as  phosphates. 

Traces  of  carbonic  and  hydrofluoric  acids. 

Thus  the  qnalitative  composition  is  the  same  for  both  substances  ;  but  I  have 
thought  it  best  to  give  each,  as  the  latter  was  examined  some  time  after  the  first. 

"  Determination  of  phosphoric  acid  in  the  nodules  : — 

45*17  per  cent.  Phosphoric  Acid, 
or  35*84        „  „  Anhydride. 

"  Determination  of  phosphoric  acid  in  the  rock  :^ 

41*8  per  cent.  Phosphoric  Acid, 
or  32-3        „  „  Anhydride. 

"  The  most  prevalent  constituent  in  this  form  of  shale  is  the  phosphate  of  alumina. 

A||"8ample  from  five  or  six  nodules,  powdered,  gives,  according  to  Mr.  Bljth, 
8*42  per  cent,  of  lime. 

In  all  true  phosphatic  nodules,  or  phosphorite,  the  essential  constituent  is 
phosphate  of  lime,  though  the  **  strength  and  value  of  the  minerals  is  calculated 
according  to  the  amount  of  phosphoric  acid  there  is  in  combination  with  the  other 
minerals.^  "  There  are  only  two  cases  recorded,  namely  the  phosphatic  deposits 
of  Alta  Vela,  a  small  island  near  St.  Domingo,  and  Redonda  Island  (16°  64'  N., 
62®  21'  W.),  which  have  little  or  no  lime  in  their  constitution.  In  ordinary 
phosphates,  the  lime  runs  as  high  as  56*62,  or  only  as  low  as  32*62  per  cent. : 
while  the  phosphoric  acid  varies  between  20  and  40  per  cent. 

The  Musuri  phosphates  might  then  be  more  properly  distinguished  as  alumina 
phosphatic  deposits.  The  treatment  of  such  phosphate  is  more  diflficult  and 
complicated  than  that  of  ordinary  calcareous  phosphate,  but  can  be  effected 
(according  to  Spence's  process)  by  solution  in  sulphuric  acid  and  addition  of 
ammonia  from  gas-liquor.  After  the  alumn  has  crystallized  out  the  phosphoric 
acid  in  the  mother  liquor  can  be  converted  into  artificial  manure. 

From  a  geological  point  of  view,  this  discovery  by  Messrs.  Parsons  and 
Warth  is  particularly  interesting  as  presenting  indications  of  former  life  which 
may  yet  be  more  clearly  displayed  by  the  fossils  themselves  in  the  hitherto  barren 
deposits  of  Musuri. 

'  See  a  very  elahorate  article  on  Phosphate  of  Lime^  in  "  Earthy  and  other  Minerals  and 
Mining,"  by  D.  C.  Davies,  1884,  Chap.  VII,  Vol.  X. 
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Mr.  H,  B.  Foote's  Work  at  ^tolftilla  Snrgam  Caves,  hy  R.  Bbucb  Footb,  P.G.S., 

Deputy  Superintendent^  Oeological  Su^rvey  of  India. 

Althongli  the  exploration  of  the  Billa  Snrgam  Caves  was  not  veiy  sucoessfnl 
I  trod    to  in  its  earlier  stages,  it  has  since  then  produced  results  of 

great  interest,  both  archsologicallj  and  zoologically.  The 
existence  of  prehistoric  man  in  that  quarter  has  been  most  conclusively  proved* 
while  much  light  has  been  thrown  upon  the  former  geographical  distribution  of 
some  important  genera  and  species  of  animals  no  longer  existing  wild  in  the 
south  of  India,  The  deeper  the  excavations  have  been  carried  both  vertically 
and  laterally  into  the  recesses  of  the  caves  the  more  interesting  and  valuable  have 
been  the  finds  made. 

A  sketch  of  the  first  part  of  the  exploratoiy  work  carried  out  by  myself  last 
.year  was  given  in  the  February  number  of  the  Records  (Vol.  XVII,  Pt.  I,  1884). 
At  the  beginning  of  the  present  year  (1884),  I  was  called  off  to  other  duties, 
but  as  His  Excellency  the  Governor  of  Madras  was  anxious  that  the  exploration 
work  should  not  cease,  it  was  entrusted  to  my  son,  Mr.  Henry  B.  Foote,  Lieuten- 
ant, Royal  Artillery,  who  was  temporarily  attached  to  this  Department,  and  took 
up  the  excavations  where  I  had  left  off.  My  son  had  spent  several  weeks  with 
me  a  few  months  before,  and  had  afforded  me  g^reat  assistance  in  exploring  and 
excavating  different  caves,  and  had  therefore  gained  a  knowledge  of  the  country 
and  of  the  people  whom  he  had  to  employ  in  the  further  explorations.  This  he 
took  up  early  in  March,  and  carried  it  on  till  the  end  of  May,  during  which  time 
Mr.  Henry  Foote's  ^®  cleared  out  the  remaining  half  of  the  Chamel  House 
work  in  the  Cbamel  Cave  very  nearly  to  the  bottom  of  the  narrow  passage  to 
House    ave.  which  the  cave  contracts  downward,  a  passage  so  narrow 

that  the  diggers  have  difficulty  in  finding  room  to  work. 

Mr.  Henry  Foote  also  commenced  excavating  the  Purgatory  Cave,  and  was 

thereby  enabled  to  follow  it  fully  300  feet  further  inter  the 

*      hill.     In  a  rough  report  of  the  work  done  by  him,  he  says 

**  I  did  not  reach  the  end  of  this  gallery  as  it  was  too  narrow,  but  if  it  were  cleared 

out,  it  would  no  doubt  be  possible  to  go  much  further  in  and   also  up  several 

branches  which  were  too  much  filled  up  to  be  entered." 

When  first  explored,  two  pits  were  found  in  this  long  and  narrow  cave — one 
some  15 — 20  feet  within  its  mouth,  the  other  some  10  yards  or  so  further  in. 
Nothing  certain  could  be  ascertained  from  the  Kotal  villagers  as  to  the  origin  of 
these  pits,  which  rumour  ascribed  to  treasure  hunters,  but  they  were  very  likely 
sunk  by  guano  diggers  ;  the  soil  in  the  cave  being  largely  made  up  of  dry  dusty 
guano  derived  from  the  droppings  of  the  clouds  of  bats  which  live  in  the  dark  part 
of  the  passages.  On  clearing  the  guano-soil  out  of  the  outer  pit,  Mr.  Henry  Foote 
found  its  "  further  wall  composed  of  a  stalagmitic  mass,"  of  which  he  says  "  I 
fancied  it  might  form  a  floor,  and  so  continued  the  pit  down  to  a  depth  of  about  13 
feet,  when  I  reached  the  bottom  of  the  cave,  and  found  that  my  surmise  was 
correct,  there  being  a  space  of  about  3  to  4  feet  under  the  stalagmite  filled  with  a 
red  clay,  with  pieces  of  stalagmite  and  limestone  forming  a  sort  of  breccia.     As 
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I  had  not  mach  time  at  my  disposal  I  could  not  then  clear  out  the  whole  cave  sys- 
tematicallj,  so  I  proceeded  to  clear  out  the  earth  under  the  stalagmite  floor.  The 
floor  continued  for  9  yards  and  then  gave  way  to  the  interstratifled  earth  and 
bats'  dungy  and  at  this  point  I  stopped.  Among  the  finds  in  this  cave  were 
several  fine  teeth  and  a  few  bones.  I  found  also,  just  at  the  place  I  stopped  at, 
two  small  drinking  bowls  of  rough  earthen- ware  at  a  depth  of  11  feet  below  the 
surface.     They  are  not  of  modem  shape,  but  have  no  very  distinctive  character." 

"  As  we  advanced  into  the  cave,  the  bats'  dung  stratum  got  thinner  and  dis- 
appeared altogether  after  200  feet.  The  cave  earth  is  here  a  wet  grey  clay.** 
'*  1  fancy  that  the  earth  at  the  bottom  (under  the  stalagmite)  is  of  great  age,  and 
once  filled  the  whole  cave  as  in  the  recesses  there  are  pieces  of  it  adhering  to  the 
roof." 

In  the  Cathedral  Cave,  Mr.  Henry  Foote  commenced  systematic  excavation 

T   XI.  /^  i.t  J    ^  r^  about  a  month  before  the  end  of  his  time.     He  reports 

In  the  Cathedral  Cave.  ^         1 1  n  i     .      .  i 

'*  I  could  not  at  first  work  m  it,  owing  to  the  numerous 

swarms  of  bees  which  occupied  it,  but  after  destroying  their  nests  twice,  they 
retired  up  the  cliff  to  a  safe  height,  and  I  commenced  work  in  one  comer  of  the 
cave,  under  an  overhanging  piece  of  the  wall  which,  being  the  only  place  the  sun 
does  not  reach  in  the  afternoon,  was  the  most  suitable  for  human  habitation." ' 
"  Having  cleared  away  the  bats'  dung,  which  was  about  a  yard  thick,  over  a 
surface  of  about  50  sqaare  feet,  I  commenced  to  excavate  the  beautifully  strati- 
fied cave  earth  in  layers  of  one  yard  in  thickness.  The  top  layer  was  very  full 
of  bats'  dung  which  gradually  disappeared  as  I  got  lower,  when  the  earth  became 
a  rather  stiff  red  clay."  "  There  were  a  good  many  fallen  blocks  in  places,  but 
not  BO  many  as  in  the  Chamel  House.  There  were  also  a  good  many  masses  of 
stalagtnite,  mostly  on  the  edge  of  my  excavation,  all  in  situ^  and  as  they  were  of 
large  size  the  cave  earth  underneath  them  must  be  of  considerable  antiquity." 
The  Cathedral  Cave  contains  many  more  stalactites  and  stalagmites  than  any 

of  the  others,  and  a  great  part  of  its  eastern  end  is  filled 

'teT  *^"      "^ith  an  enormous  mass,  composed  of  both  forms  of  the 

deposit,  to  which  the  name  of  the  "High  Altar"  was 
given  from  its  great  resemblance  to  the  sanctuary  in  a  Roman  Catholic  Cathedral. 
It  is  impossible  to  give  any  closer  idea  of  this  remarkable  cave  without  illustra- 
tions, which  it  is  hoped  will  be  forthcoming  to  accompany  the  final  report  on  the 
cave  work. 

The  existence  of  man  at  a  low  stage  of  civilization  was  ascertained  beyond 

Traces  of  prehistoric      ^®*^  ^^  contradiction  by  the  discovery  of  a  well-made  bone 
man.  gouge  and  of  two  pieces  of  stag-horn  which  have  been  cut 

Cut  bones.  ^^  some  sharp  instrument,  one  indeed  has  been  deeply 

cut  into  and  shaped  into  a  mde  implement.  These  were  found  in  the  Chamel 
House  Cave  at  a  depth  of  15  and  16  feet  below  the  surface  respectively.  The 
Cathedral  Cave  also  yielded  an  implement  of  bone  trimmed  by  many  cuts  of  a  sharp 
instrament  into  a  rude  knife  shape.    Two  or  three  bones  also  were  found  show- 

'  The  open  exposure  to  the  rays  of  the  afternoon  sun  of  a  cave  in  the  latitude  of  Billa  Surgam 
would  render  the  pUce  practically  untenantable  for  several  hours.  The  concentration  of  heat 
radiated  from  the  high  cliffs  at  the  back  an.l  around  the  Cathedral  Cave  is  something  tremendous. 

F 
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ing  disthici;  traces  of  baying  been  scraped  witb  a  bard  and  sbarp  implement, 
tbe  marks  being  sncb  as  would  be  made  by  a  sbarp  stone  flake. 

A  fair  number  of  teeth  and  bones  of  various  large  and  medium  sized  ftnimalB 

was  collected,  as  well  as  manj  tbonsands  of  tbose  of  very 
^^Nomber     «f     W     ^»u  animab.  such  as  squirreb.  rate.  mice,  shrews  and 

bats,  also  of  small  birds,  snakes,  lizards,  frogs  and  toads. 
Shells  of  some  of  the  existing  species  of  landshells  were  found  numerously,  par- 
ticiilarlj  those  of  Helix  nicobarica^  Nanina  tranquebarica  and  Pleurostoma 
(nodifera  ?). 

But  little  could  be  done  towards  the  specific  determination  of  tbe  bones  found, 

even  where  the  genus  was  easily  recognizable,  tbe  osteo- 
minin/the^bonw.  "      logical  collections  available  in  Madras  being  far  too  small. 

In  the  few  cases  in  which  specific  determination  was 
feasible,  the  bones  were  found  to  belong  to  living  species. 

The  annexed  list  gives,  as  far  as  possible  at  present,  the  generic  and  specific 

, . ,    «     .     ,   ^      3      names  of  the  animals  whose  remains  were  found  in  the 
List  of  anunals  found.      n.ii    r^  r^ 

Billa  Surgam  Caves : — 

Mammalia. 

Pr€9btf{%9  {Semnopithecus)  priamus  f  Equut,  sp. 

Macacus  1  sp.  Su9  indicus, 

Chiroptera^  sevenil.  Buta  arisioUlia. 

Sorex,  0p*  Axis  mcKulattu. 

FelU  iigri*.  Memimna. 

f,        tp.  Antilope  betoariica  t 

Viverra  zibefha  7,  JPortax  pictus, 

BerpetieM  grUeus  f  Capra  t 

Canity  sp.  Ofrit  1 

SciuruSf  2  or  8  sp.  Bom,  ftp. 

Mfu,  2  or  8  sp.  Oavttus  ? 
Hystrix  leuourus  f 
LepuM,  sp. 
RhiitoeeroM,  sp.  (?  javanicMs), 

AVBS. 

Several  genera  belonging  to  the  orders  Raptorea  and  OrallHtores  (?) 

Rbptiua. 

Crocodilut,  Affama,  Hp. 

Varanut  drac<Bn<i.  Lacerta,^]^, 

Amphibia. 

Rnna. 
Bufo, 

The  remains  found  all  occurred  as  detached  teeth  and  bones  or  portions  of 

Condition  of  the  bones.      ^"^^^^     '^^^  ^^^  specimens  are  a  few  rami  of  mandibles 

and  two  or  three  maxillsD  retaining  four  or  five   teeth 
a  piece.     Most  of  the  specimens,  however  fragmentary,  are  well  preserved  for 
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indiTidnal  determination.     Feww  ere  thickly  encrusted  with  kankar,  few  also  were 

found  in  a  state  of  great  brittleness,  but  few  also  are  highly  mineralized.     The 

number  of  species  already  recognized  is  very  large  in  proportion  to  the  number 

of  bones  of  the  larger  animals  which  were  found,  but  it  may  be  expected  to  be 

increased  very  considerably  when  the  large  series  of  small  bones  collected  shall 

have  been  fully  examined. 

The  extremely  great  number  of  bones  of  small  rodents,  birds,  reptiles,  &c.,  <kc., 

which  were  found  in  the  different  beds  of  the  cave  earth,  may  be  reasonably 

attributed  in  great  part  to  a  cause  which  is  still  in  action  in  these  caves  and 

adjoining  ones.     The   cause  in  question  is  the  frequent 
Potipce     whence    the         ••x^-i  -l'j^  -l  ii-a-li 

imall  bone.  « ere  derive.1.      ^^^^  °^  ^»^g®  ^^^^  ^^  P^^'  ^^^'^  as  eagles,  kites,  hawks, 

and  owls  who  seek  the  quiet  and  retirement  of  the  caves 
in  order  to  get  rid  of  the  undigested  hard  parts  of  their  prey,  in  the  form  of 
castings.  Considerable  accumulations  of  such  castings  were  found  in  the  Chamel 
House  and  Cathedral  Caves  as  well  as  in  several  of  the  smaller  ones.  Osseous 
deposits  of  such  character  have  doubtless  often  been  covered  up  by  the  sediments 
brought  into  the  caves  by  floods  during  wet  seasons ;  the  feathery  and  tendinous 
parts  of  the  castings  have  decayed  and  only  the  bones  remained  behind. 

The  evidence  obtained  so  far  goes  to  prove  that  the  caves  were  not  oontinu- 

No  signg  of  continu-      o^^ly  inhabited  either  by  man  or  predatory  animals.     The 

ong  residence  of  man  or     greatest  number  of  bones  found  in  the  Chamel  House 

predatory  animal..  ^^^^^  ^^^  example,  occurred  in,  or  close  to,  the  mouth  of 

the  small  tunnel-like  gallery  opening  into  the  cave  at  its  upper  extremity.  These 
bones  seem  all  to  have  been  washed  in  from  above  by  the  stream  which  flowed 
out  of  this  gallery  in  wet  seasons,  and  which  formed  the  several  beds  found  in  the 
upper  end  of  the  cave.  The  beds  which  occur  at  the  mouth  of  the  cave  and 
which  were  formed  by  the  main  stream  flowing  through  the  several  canons,  are 
remarkable  for  their  poverty  in  fossil  remains.  How  the  bones  entombed  in  the 
Cathedral  Cave  and  in  Purgatory  reached  their  places  of  rest  it  would  be  pre- 
matui-e  to  say  till  the  excavations  have  proceeded  considerably  further. 

There  are  no  accumulations  of  Album  greecum  in  any  of  the  caves,  such  as 
would  inevitably  have  been  formed  had  they  ever  been  long  occupied  by  carni- 
vorous animals,  nor  are  there  any  considerable  deposits  of  ashes  and  charcoal  with 
fragments  of  bones  and  other  indications  of  man's  continued  residence  which 
formed  such  interesting  accumulations  in  many  other  bone-caves. 

No  stone  implements  of  any  kind  have  been  discovered  in  connection  with  the 

Billa   Surgam   Caves,  excepting  perhaps  a    minute   tri« 
No  stone  implements      antmlar  splinter  of  rock  crystal  which  might  have  served 
found.  J  .11 

as  a  drill. 

Of  the  broken  bones  which  occurred  in  considerable  numbers  some  bear 

distinct  tooth  marks,  others,  and  more  especially  fragments 
Bitten    and    broken       £  ^^^  thick  and  massive  bones  of  large  animals,  appear 

broken  with  great  violence,  as  if  with  a  hammer  or  heavy 
stone,  not  splintered,  as  if  bitten. 

The  great  majority  of  bones  whether  unbroken  or  broken  before    being 
buried,  as  a  very  large  number  evidently  were,  retain  their  form  distinctly  and 
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show  no  signs  of  having  been  rolled  far,  which  agrees  with  the  inference  that  they 
were  washed  into  the  cave  from  only  a  very  short  distance. 

Of  the  crashed  and  broken  bones  which  were  fonnd  in  all  the  three  caves 
explored,  many  had  been  reduced  to  that  condition  by  the  falling  of  heavy  masses 
of  limestone  from  the  roof.  No  bnmt  bones  were  noticed  in  any  of  the  caves. 
A  very  interesting  fact  and  one  adding  materially  to  onr  knowledge  of  the 
Occurrence  of  the  geographical  distribution  of  the  perissodactyle  nngulata 
frenera  Eqans  and  Rhi-  of  India  within  the  human  period  is  the  occurrence  so  far 
nooeros.  south  in  the  Peninsula  of  the  genus  Equus  and  of  a  second 

species  of  Rhinoceros.  The  living  Indian  representative  of  the  first  named 
genus  is  Equus  onager^  the  wild  ass  of  Kutch,  which  occurs  also  in  Gujerat  and 
the  countries  west  of  the  great  Indian  desert,  but  is  quite  unknown  in  the  penin. 
sula.  Of  the  two  Indian  species  of  Rhinoceros  now  living,  Rh,  indicus  is  reported 
by  Lydekker^  to  have  been  procured  from  '*the  turbary  of  Madras."  The 
remains  of  rhinoceros  found  by  Mr.  Henry  Foote  belong  to  a  smaller  species  with 
a  very  different  dentition,  being  very  markedly  brachydont. 

The  remains  of  rhinoceros  found  in  the  Chamel  House  Gave  at  Billa  Surgam 

consist  ill  a  right  upper  molar  (probably  ELl)*  »  right 
The  Billa  Sorgam  Rhi-      j^^^^  ^^^^  (probably  iST.),  and  of  a  fragment  of  a  right 

upper  molar  (probably  m-  3.).  Of  the  first  only  the  crown 
remains,  but  ia  in  good  condition.  The  lower  molar  retains  the  greater  part 
of  the  fangs,  and  the  crown  is  in  good  condition  (one  little  chip  out  of  the 
anterior  part  excepted).  The  two  were  not  found  together,  and  the  lower  molar 
may  probably  have  belonged  to  a  larger  individual  than  the  upper  The  frag- 
ment of  the  upper  molar  (m»  8.)  must  have  belonged  to  a  very  much  smaller  indivi- 
dual than  either  of  the  others.  It  shows  but  small  signs  of  wear  and  could  only 
have  been  cut  a  very  short  time  before  the  death  of  its  possessor.  The  other  two 
teeth  are  greatly  worn  and  must  have  belonged  to  fully  adult  or  old  individuals. 

The  upper  molar  is  very  characteristic  in  shape,  and  quite  unlike  any  of  the 
fossil  Asiatic  rhinoceroses  already  described.  It  is  also  quite  unlike  the  molars 
of  Rhinoceros  indicus,  but  bears  considerable  resemblance  to  the  molar  of  jB^. 
sondaicus  (javanicus)  figured  by  Owen  in  plate  138  of  his  Odontography. 

.,.  «  ^  The    remains    of    Equus    found    were    the    folio w- 

The  Billa  Sargam  horse. 

mg:— 

1.  A  molar  (lower,  left)  .         .         .    Chamel  Honse  Cave. 

2.  A  xnetatiirsal  right  •     CNthedml  Cave. 
8.  A  mdimentary  metatarsal  (Met.  IV)'  .  do.  do. 

4.  A  metatarsal  (?)  distal  end  .         .  do.  do. 

5.  Tliree  incisors,  germs  (upper  P)  .  do.  do. 

Of  these,  numbers  1,  2,  3,  and  5  belong  to  a  small  individual,  of  about  the  size 
of  an  ordinary  ass.     No.  4  belongs  to  a  much  larger,  coarser  built,  animal. 

^  Ljdekker,  R.  8ynopsis  of  the  fossil  Vertehrata  of  India,  Kecords,  Geological  Sn^vey  of 
Indin,  Vol.  XVI,  p.  80,  1884. 

*  This  mdimentary  Qef t)  metatarsal  helongs  donhtless  to  No.  2,  as  tliongh  fonnd  several  feet 
apart  in  the  cave  esrth  (in  squares  Nns.  41  Ca  and  45Ca  respectively)  the  two  bonea  fit  perfectly 
and  show  identical  colour  and  degree  of  fossiliuitiou. 


4)ave, 
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The  section  of  the  cave  eai-th  in  the  Charnel  House  Cave  which  was  obtained 

S<»ction  of  the   Crva      ^7  ^^-  Henry  Foote  while  excavating  the  northern  half  was 

En  rill,   CliHniel    House      much  clearer  and  more  instructive  than  that  seen  bj  me 

in  the  southern  half ;  the  former  is  therefore  given  below  : — 

4'  A  \    Surface  (bats*  dunir)  bed 3'  S  *      5 

2'  9"    A.    Rubble  bed  with  large  fallen  blocks  of  Itmeatone      .         •     2'  d"     ^  •;      I 

^    ^"     C  ]  ^*^^  '^  ^^*^'  ^*'*^  **"^'  partings  '        .          .          .         .4'  2  2      "^ 

2'  6^     ^;Unbbleb6d 1'  «"     I  -     5 

3*  ^                                            ,  (      6"    ^  is      2  - 

„  i  H.  B«d  cave  earth,  stony  above [e"'**8.55 

1'  a"     1.    Red  and  mottled  cave  earth 1'  ^  o£^m 

J      Red-brown  cave  earth  with  patches  of  calcareous  sand        .     1  •u^'^  ^Z 

^o  g     r= 

,    [  Red  saiiily  cave  earth  with  blocks  of  limesione  .         .  <  ,/  "S  «  ^  o  & 

V    /  fi  ^  ^-^  ie 

^  C  stiff  mark  clnv  taken  out  in  four  layers  of  I  yard  each  ^  ^  t^  z 

O.  C         in  thi'ck.iess 12'  -^  a     £ 


28'  9" 


**  The  stratification  of  the  cave  earth,  though  very  distinct  in  places,  was  more 
often  obscure,  and  the  large  amount  of  infiltrated  colouring  n^atters  (though  often 
giving  rise  to  very  beautiful  tints)  were  a  source  of  great  difficulty  in  the  separa- 
tion of  one  bed  from  that  underneath  it." 

The  artificial  contents  of  the  surface  bed  were,  as  already  stated,'  a  few  bits 

of  broken  pottery  and  charcoal,  and  a  couple  of  small 
^Contenu    of    surface      ^^iBjik  shells,  doubtless  once  the  property  of  some  gossain 

or  fakir.  In  addition  to  these  were  patches  of  small 
bones,  Ac,  which  are  the  half-weathered  castings  of  large  birds  of  prey  before 
referred  to  (pag^  203).  A  full  collection  of  these  was  made  for  comparison  with 
the  numerous  bones  of  small  animals  which  Newbold  described  as  occurring  in  the 
cave  earth  below. 

The  loose  red  loam  underlying  the  surface  bed  contained  at  one  place  (21  feet 
H  bonea     and      '^^st  of  the  entrance  to  the  narrow  passage  at  the  east  ex- 

tefth  below  the  surface  tremity  of  the  cave),  a  number  of  human  teeth  and  bones, 
he<l*  belonging  apparently  to  one  and  the  same  individual. 

The  bpnes  consisted  of  numerous  fragments  of  a  very  thick  calvarium  (too 
broken  to  piece  together  successfully),  fragments  of  the  mandible  and  one  or  two 
vertebrae,  ribs  and  parts  of  various  limb  bones.*  They  had  been  much  broken  up 
by  a  large  mass  of  limestone  which  had  fallen  on  the  spot  where  they  were 
buried,  and  being  very  brittle  suffered  a  good  deal  more  while  being  dug  out. 


^  The  Rubble  bed  "A"  occupied  only  the  front  or  western  half  of  the  cave;  in  the  back  or 
eastern  half,  "  B  "  lays  immediately  under  the  surface  bed  '*  A  V 

*  Rough  notes  on  Billa  Bur^am  and  other  caves  in  Knmool  Distriety  &c.  Rec.  G.  S.  of  I,, 
Vol.  XVII,  pi  1,  page  27,  1884. 

'  These  have  not  been  compared  as  yeu 
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The  most  interestiiig  &cts  connected  with  the  underlying  strata  in  the  Char- 
V  A  *    iMd  A  ^^^  Hoose  maj  be  briefly  ennmerated  at  this  place.    Bed 

'<  A  "  yielded  inter  alia  the  right  ramns  of  the  mandible 
of  a  very  yonng  small  mminant  (  ?  Antilope\  also  the  right  maxilla  with  teeth  of 
large  monkey,  differing  slightly  from  Preshytis  (Semnopithecus)  priatnus.  From 
the  relatively  small  size  of  the  canine  the  owner  was  probably  a  female,  bat  her 
jaws  exceeded  considerably  in  size  that  of  a  very  fine  male  langnr  whose  sknll  is 
in  my  collection. 

In  Bed    ^  ,  Mr.  Henry  Foote  found  some  charcoal  and  fragments  of  coarse 

B  nnglazed  potteiy,  as  well  as  fragments  of  thin  glassed  red 

^»  pottery  of  a  very  antique  type. 

Bed    ^    showed  nothing  of  interest,  and  beds  F  and  G-,  which  lie  farther 

back  in  the  cave  and  do  not  come  within  the  section  above  given,  were  also 

devoid  of  anything  of  special  interest. 

In  bed  H,  there  was  at  one  spot  an  inmiense  quantity  of  small  bones  of  rats, 

bats,  lizards,  Ac,  &c.,  accumulated  either  by  an  eddy  in 
°  *  the  small  stream,  which   flowed    through    the    eastern 

passage,  or  else  representing  one  of  the  great  collections  of  birds'  castings  above 
referred  to. 

In  bed  K,  Mr.  Henry  Foote  found  the  bone  gouge  above  referred  to  "  the 

best  specimen  of  man's  work  that  was  found  in  the  caves." 
ne  gonge  m  .       ,,  ^j^  hollow  of  the  gouge  is  highly  polished  probably  by 

use."  "  The  cutting  edge  is  gone,  but  the  other  edges  show  distinct  marks  of  hav- 
ing been  cut  with  a  sharp  instrument.  It  was  found  on  the  north  side  of  the 
cave,  about  4  yards  from  the  mouth  of  the  small  passage,  at  a  total  depth  of  15 
feet  below  the  surface." 

Of  bed  L,  Mr.  Henry  Foote  says  '*  it  contained  a  little  charcoal  at  the  mouth 

of  the  small  passage,  this  being  the  lowest  horizon  at  which 
^  Cut  sUg-hopiif  in  bed     J  ^^^^  ^^^^  ^^  ^^^^  ^y^^  ^^^^^  ^^^  ^g  ^^^  ^  inches. 

Associated  with  the  charcoal,  I  found  two  pieces  of  stag^ 
horns,  which  present  distinctly  cut  surfaces."  The  one,  as  already  pointed  out,  is 
cut  into  something  little  a  rude  knife  about  5  inches  long,  or  it  might  possibly 
have  been  used  as  a  small  spear  head  if  the  but-end  had  been  fixed  vertically  at 
the  end  of  a  pole.  The  other  piece,  which  is  6f  inches  long  and  much  thicker 
and  heavier,  has  the  further  end  distinctly  cut  on  two  sides,  so  that  it  forms  a 
short  but  thick  wedge.  The  whole  piece  looking  like  a  rather  rude  pick-hammer. 
The  cuttings  are  very  clear  and  distinct  on  both  implements.  Bed  L  was  the 
most  prolific  in  large  bones  of  any  in  the  Chamel  House.  Among  those  found,  it 
may  be  well  to  specialize  a  few  of  the  most  important. 

^  1.  The  left  ramns  of  the    mandible  of   Portiix  pietms,    fragment    with  4 

jf^.  teeth  (No.  7,  70  L). 

2.  Molar  8  (lower)  of  P.  pietus  (No.  9). 

3.  Five  incisors  (lower)  of  P.  piotut  (No.  12). 

4.  Carnassial  (lower)  left  of  Fiverra  tibeiha  ?  (No.  16). 
6.  Lower  left  incisor  2  of  Antilope  bezoartica. 

6.    Cervical  vertebra  of  For  tax  pictuM  ?  (No.  56). 
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7.  Olecranon  (broken)  of  Axis  macukUfu  P  (No.  57). 

8.  Left  tcapnla  of  A,  maculattu  ?  (So.  64). 

9.  Right  scapula  of  Rusa  aristotelU  (N(^  68). 

10.  Left  tibia  of  Axis  maculaltu  P  (No.  82). 

11.  Right  tibia  (  distal  end)  of  A.  maculattu  P  (No.  87). 

12.  Left  calcanenm  of                      ditto  (No.  81). 
18.  Right  femnr  of                          ditto  (No.  83). 

14.  Metacarpal  of  ditto  (No.  43). 

15.  Right  tibia  (distal  end)  of  Musa  ariatoUUs  P  (No.  86). 

16.  Leftastragnliisof  ditto  P  (No.  80). 

17.  PhaUnx  of  Capra  ?  (No.  1.) 

Bed  M  was  also  productive  of  bones  and,  in  a  recess  in  the  side  of  the  small 

passage  at  its  bend,  some  remains  of  a  large  monkej  were 

niJuke^   ^  ^""  ""^     ^^^^^  consisting  of  a  right  maxiUa  with  3  molars  and  2 

premolars,  the  right  ramas  of  the  mandible  with  3  molars 
and  1  premolar,  also  a  fragment  of  a  left  ramus  with  the  canine  and  1  pre- 
molar, and  lastly  a  lower  left  molar  (M.  2).  All  apparently  belonged  to  the  same 
individual. 

The  other  important  bones  found  in  bed  M  were — 

1.  Oa  innominatum  (right)  of  Uiua, 

2.  Ditto  (  do.  )  of  Axis. 
8.    Femnr  (right)  of  Aniilope, 

.     4.    MetaUraal  (right)  of  Axis  t 
5.    Vertebra  of  a  snake. 

The  excavation  of  the  bods  in  the  inner-most  part  of  the  small  passage  was 

.     .  carried  out  by  Mr.  Henry  Foote  separately,  as  he  found  it 

Jjmu  m  me  passage.  .^i  «  i*  i.  «  i 

mipossible  to  make  out  their  exact  relation  to  the  several 

beds  of  the  cave  earth  in  the  outer  cave.     The  cave  earth  beneath  the  surface 

(bats'  dung)  layer  was  red  and  so  nearly  homogeneous  in  character,  owing  to  the 

absence  of  infiltrations  of  colour,  that  the  division  into  layers  for  excavations  must 

be  considered  a  purely  arbitrary  one.  The  four  divisions  in  which  it  was  taken  out 

were  termed  X,  Y,  Z,  and  X  ^ ;  of  which  Y  yielded  a  small   crocodile's  tooth 

much  blackened  in  colour,  and  X  ^  the  rather  broken  crown  of  a  very  large  left 

lower  premolar  of    some  ruminant  which  was  most  likely  that  of  a    bison 

(Gav8Bus). 

The  most  interesting  bones  Mr.  Heniy  Foote  obtained 
Cam"^    '°    Potatory     from  the  Purgatory  Cave  were  as  follows  :— 

1.  The  right  upper  camassial  tooth  of  a  feline  animal  smaller  than  a  tiger. 

2.  The  right  metatarsal  bone  of  a  large  tiger  (Felts  Hgris)  of  which  the  proxi- 
mal end  and  the  under  side  are  wanting  but  the  bone  otherwise  in  good  condi- 
tion. 

3.  The  right  tibia  of  a  large  tiger,  the  proximal  end  wanting. 

4  &  5.  Two  phalanges  (right)  of  pes  of  Felts  tigris.  Besides  these  were 
seven  or  eight  molars  of  different  ruminants,  lai^  and  smaU,  which  could  not  be 
satisfactorily  determined. 
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In   the    case    of  the  Cathedral  Cave    the  most  important  finds  made    bj 

Mr.  Henry   Foote  beside  the  Rhinoceros  teeth    and  the 
Ch^°^  in  tbe  Cathedral      ^^^  ^^^  ^^^  ^^  ^^^^  ^^^^  referred  to  (page  204) 

were — 

1.  A  series  of  bones  of  Hystrix  (leucurus),  consisting  of  two  mandibles  and 

sundry  molars  and  incisors  belonging  to  several  individoals.^ 

2.  Two  upper  molars,  four  lower  incisors,  and  two  lower  canines  oi  sus  indicua. 

3.  A  series  of  bones  of  Varantis,   including  3  maxillie  and  3   left  rami  of 

mandible  and  many  vertebras. 

4.  A  series  of  bones  of  birds  of  several  genera. 

The  determination  of  the  animal  remains  found  in  the  Billa  Surgam  Caves, 

so  far  as  has  been  practicable,  shows  that  the  veiy  great 
age  of  the  oivea!'  ^      majority,  if  not  all  the  larger  animals,  belonged  to   living 

species ;  they  must  therefore  be  regarded  as  of  pre-historio 
or  post-pleistocene  age.  This  result  is  in  accordance  with  the  evidence  furnished 
by  the  bone  implements  found  in  the  caves,  which  implements  bear  a  very  close 
resemblance  to  finds  made  in  various  pre-historic  bone-caves  in  Europe.  The 
stone  implements,  accompanying  the  European  bone  implements,  belong  to  the 
neolithic,  or  polished,  type  ;  we  may  therefore  very  reasonably  expect  that, 
should  stone  implements  be  discovered  during  the  further  explorations,  they 
will  prove  to  be  of  the  neolithic  type.  But  we  may  also  very  reasonably  antici- 
pate that  in  some  of  the  caves  only  partially  explored  at  present,  or  in  some  of 
those  still  untouched,  future  explorations  may  bring  to  light  remains  of  palaeo- 
lithic man  and  pleistocene  animals ;  for  it  must  be  borne  in  mind  that  palado- 
lithic  man  lived  in  that  region  and  left  numerous  implements  behind  him  in  the 
adjacent  alluvium  of  the  Khunder  valley. 

The  results  now  communicated  may,  I  believe,  be  accepted  unhesitatingly,  as 
very  great  care  was  taken  both  by  my  son  and  myself  to  register  exactly  the  posi- 
tions in  which  the  bones  were  found. 

I  re- visited  the  caves  in  the  beginning  of  May  to  see  how  the  exploration 
was  progressing,  and  was  much  gratified  to  find  that  Mr.  Henry  Foote  had 
organized  his  band  of  excavators  very  thoroughly,  so  that  the  work  proceeded 
steadily  and  safely. 

The  efficient  way  in  which  he  carried  out  the  veiy  arduous  piece  of  work 
confided  to  him  fully  justified  the  confidence  with  which  I  had  recommended 
him  to  His  Excellency  Mr.  Grant  Duff,  and  will  I  trust  be  recognized  by  the 
authorities. 

In  conclusion,  I  must  mention  that  our  work  at  the  caves  was  rendered  much 
less  irksome  by  the  great  interest  taken  in  it  by  His  Excellency  Mr.  Grant  Duff. 
Our  thanks  are  also  due  to  Mr.  W.  H.  Glenny,  the  Collector  of  Kumool,  for  the 
kindly  interest  he  took  in  the  work  throughout  which  greatly  helped  to  make 
things  easy  in  the  matter  of  seen  ring  supplies  and  labour  in  a  very  outlandish 
place.  Nor  do  we  forget  various  acts  of  courtesy  and  kindness  from  the  Nawab 
Sahib  of  Banaganpalli. 

'  Up  to  the  time  of  the  excavation  porcupines  were  constantly  trying  to  colonise  the  caves,  and 
were  only  represst'd  by  the  use  of  traps  built  by  the  villagers  of  pieces  of  limestone.  As  it  was, 
a  couple  ul  ihem  was  cuught  and  killed  by  the  diggers  in  one  of  the  pits  in  Purgatory  Cave 
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ADDITIONS  TO  THE  MUSEUM. 

FbOH  IST  JULT  TO  30tH  SSFTBliBBB  1884. 

Specimens  of  garnets  (Spessartite  P)  and  of  the  mica  schist  in  which  they  ocenr,  from  Kala. 
Pbbsbktbd  bt  Col.  G.  Oobdon  Touno,  Comhissionbb,  Dhabhsala,  Punjab. 

A  large  piece  of  Pumice,  picked  up  at  Sea,  Lat.  80*^3.,  Lon.  83°E.,  on  30th  November  1883* 

Pbbsbntbd  bt  Cjlft,  Hbnbt  Ma^  o. 

A  specimen  of  stibnite  (antimony  glance),  and  a  button  of  metallic  antimony  reduced  from 

oervantite,  an  ore  of  antimony,  (SbO,  =  Sb,  Oj+Sb,  OJ,  from  Maulmain,  Burma. 

Pbbsbntbd  bt  W.  B.  Cbipbb,  Es^ 
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Fbom  IsT  JuLT  TO  30th  Sbptbmbbb  1884. 

Title*  of  Books.  Donors, 

Albbboht,  PAUL.-*Sur  la  valeur  morphologique  de  la  Trompe  d'  Eustache.    8*  Pam. 

Bruxelles,  1884. 

Thb  Authob. 

M  n        Suf  1m  Spondylocentres  £pipituitaires  du  Crane.    8^  Pam.  Bruxelles, 

1884. 

Thb  Avthob. 
BoBHM,  Gbobq. — Register  zum  zweiten  band  der  Palaeontologischen  Mittheilungen  aus 

dem  Museum  des  Konigl.  Bayer.  Staates.    8*  Cassel,  1884. 
Bbonn's  Klassen  und  Ordnungen   des  Thier-Reichs.     Band  V,  Abth.  II,  Lief.  11-12;  and 

Band  VI.  Abth.  IV,  Lief.  7-9.    8'  Leipzig,  1884. 
Cotta,  Bebnhabd  ton. — A  treatise  on  ore  deposits.    Translated  from  the  2nd  German 

edition  by  P.  Prime.     8*  New  York,  1870. 
Datibs,  D.  C. — A  treatise  on  earthy  and  other  minerals  and  mining.    8*  London,  1884. 
Encyclopsedia  Britannica.     9th  edition.     Vol.  XVII.    4**  Edinburgh,  1884. 
Fbazbb,  Pbbsifob. — Tables  for  the  determination  of  minerals  by  those  physical  propertiei 

ascertainable  by  the  aid  of  such  simple  instruments  as  every  student  io 
the  field  should  have  with  him.    Revised  edition.    8**  Philadelphia,  187^. 
FuLLBB,  J.  B. — Sugar  production  in  the  Central  Provinces.    Flsc.  Pam.  Nagpur,  1883. 

Thb  Authob. 
Gbbbn,  Sahubl  S.— Library  Aids.    Revised  and  enlarged  edition.     12mo.  New  Tork,  1883. 

MbSSBS.  TBt^BNBB  A  Co. 

Gbbbnwood,  WiiLiAM  Hbnbt. — steel  and  Iron.    8**  London,  1884. 
Habknbss,  H.  W.,  and  Moobb,  Justin  P.— Catalogue  of  the  Pacific  Coast  Fungi.    8°  San 

Francisco,  1880. 

CaLIFOBNIA  ACADBlfT  OF  SciBVCB. 

Hbssbnbbbo,  Fbibdbich.— Mineralogische  Notizen.    Neue  Folge.    Heft  5.    4°  Frankfurt- 

am-Main,  1868. 

Hill,  B.  D.,  and  Nbtins,  V\  infield  S— The  north  shore  of  Massachusetts  Bay:  an 

illustrated  guide  to  Marblehead,  Salem,  Beverly,  Manchester-by-the-sea, 
Magnolia,  Gloucester,  Rockport,  Peabody  and  Swampscott.    6th  edition. 

8^  Salem,  1883. 

Thb  Essbx  Instittttb. 

KoBKBN,  A.  TON. — Beitrag  zur  Kenntniss  der  Flacodermen  des  norddeutschen  Oberdevon's. 

4""  Pam.  Gottingen,  1883. 

RoTAL  Socibtt,  Gottinobn. 

o 
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Titles  qf  Books.  Domrs. 

IiAPPABBifT,  A.  DB. — Coun  de  Mindralogie.    8**  Fftris,  1884. 

Ltke,  Cha£L£8. — The  Industries  of  New  South  Wales.    8^  Sjdnej,  1882. 

AusTBAUxs  MuwnTM,  STPJniT. 

MjlcSwhtnet,  Robert  Fobstbe. — The  law  of  mines»  quarries  and  minerals.    8**  London, 

1884 
Michael,  Albert  D.^British  Oribatidse.    (Ray  Soo.)    8*  London,  1884. 
MojsisoYiCs,  E.  y.y  and  Neuhatb,  M.-^Beitrage  zur  Palaontologie  Osterreieh-Unganis  and 

des  Orients.    Band  III,  heft  4.    4''  Wien,  1884. 
Paleoetolooib   Fran^aise.   1^  s^rie.    Aoimanz    Invert^br^,   Terrain   Jurassiqne.    Liv. 

69  and  70.  2^  s^rie.  V^g^taox,  Terrain  Jnrassiqae.    larr.  33.    8°  Paris, 

1884. 
Piolti,  Giuseppe. — II  Porfido  del  Yallone  di  Roborent.    8*  Pam.  Torino,  1884 

The  Author. 

Plumheb  Hall,  its  libraries,  its  collections,  its  historical  associations.    12^  Salem,  1882. 

The  Essex  Iestitutb. 

PoETis,  ALB08AirDBO»  and  Piolti,  Giuseppb.^II  calcare  del  Monte   Tabor.     8°  Pam. 

Torino,  1883. 

The  Author. 

QuENBZSixc,  Fe.  Aue.-^Handbadli  der  Petrefaktenkande.      Anflage    IIIU   li^f-  16.     if 

TnbinKen,  1884. 
ff  „        Petrefaktenkunde  Dentschlands.     Band  YU,  Abth.  I,  heft  5.    8^ 

Leipzig,  1^4 
•,  „        SoQst  and  Jetzt.    Popalare  ^ortrage  Uber  Qeologie.    8**  Tabingen, 

1866. 

Db.  W.  Eieo. 

Rbade,  T.  Mellabd.— Chemical  denudation  in   relation  to  geological  time.     8*   Ptan. 

London,  1879. 

De.  W.  Knia. 

„  „  Notes  on  the  scenery  and  geology  of  Ireland.    8^  Pam.  LiTorpool, 

1879. 

De.  W.  Euro. 

Richards,  Thomas. — New  South  Wales  in  1881.    2nd  issue.    8°  Sydney,  1882. 

Australian  Museum,  Stdkby. 

Ridley,  William. — Etfmilardi,  and  other  Australian  languages.    2nd  edition.    8^  Sydney. 

1876. 

AUSTBALIAK  MU8BUM«  SyDKEY. 

RoMAiris,  R.—Report  on  the  Tenanchaung  Oil- Wells.     Flsc.  Pam.  Rangoon,  1884 

Chief  Commissioebb,  Bbitish  Burma. 

RoscoE,  H.  E.,  and  Schoblemmbb,  C. — A  treatise  on  Chemistry.    Vol.  Ill,  pt  2.    8* 

London,  1884 
Tbnison-Woods,  J.  E.— Fish  and  Fisheries  of  New  South  Wales.    8*  Sydney,  1883. 

AusTBAUAK  Museum,  Sydmey. 

Thomson,  Sib  C.  Wyville,  and  Murray,  John. — Report  on  the  scientific  results  of  the 

Voyage  of  H.  M.  S.  "  Challenger"  during  the  years  1873-76,  under  the 
command  of  Capt.  George  S.  Nares  and  Capt.  Frank  Tourle  Thomson. 
Zoolo-ry,  Vols.  I- VIII  (1880-1883).  Narrative,  Vol.  11  (1882).  Physic* 
and  Chemistry,  Vol.  I  (1884;.    4""  London,  1880-1884 

Sbcbbtabt  or  State  fob  Ivdia. 
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Titlet  of  Boohs,  Donors. 

Vbbbbbk,  R.  D.  M. — A  short  report  on  tbe  eruption  of  Krakataa  on  the  26th,  27tb,  and 

28th  of  August  1883.    Translated  from  the  original  Dutch  by  I.  I. 

Eonigs.    Flsc.  Simla,  1884. 

Revbnitb  and  Aobicultubal  Dbfabtment. 

Wood,  Habbib. — Mineral  products  of  New  South  Wales.    4**  Sydney,  1882. 

AUSTBALIAN   MuSEUli,  SYi>NBT. 

WooLLS,  W. — Plants  indigenous  in  the  neighbourhood  of  Sydney.    8"  Sydney,  1880. 

AUSTBALIAN   MuSEUM,  StDNBT. 

ZiTTBL,  Kabl  a. — Handbuoh  der  Palseontologie.    Band  I,  Abth.  II,  lief.  3.    8^  Miinchen, 

'1884. 


PERIODICALS,  SERIALS,  &c. 

American  Journal  of  Science.    3'**  series.  Vol.  XXVII,  No.  162.  to  Vol  XXVTII,  No. 

164.    8*  New  Haven,  1884. 

Thb  Editobs. 

American  Naturalist.    Vol.  XVIII,  Nos.  1-7.    8**  Philadelphia,  1884. 

Annalen  der  Physik  und  Chemie.    Neue  Folge.  Band  XXI  f,  Nos.  6-8.    8°  Leipzig,  1884. 

Annales  des  Mines.    8"*  s^rie.  Tome  IV,  livr.  6,  and  Tome  V,  livr.  1.    8°  Paris,  1883-1884. 

L'A.DlfINS.   DBS   MINX8. 

Annales  des  Sciences  Natnrelles.    Zoologie  et  PaMontologie.    6*°*  s^rie.  Tome  XVI,  Nos. 

4-6.     8*  Paris,  1883. 
Annals  and  Magazine  of  Natural  History.    5^^  series.    Vol.  XIV,  Nos.  79-80.    8"  London, 

1884. 
Archiv  fiir  Naturgeschichte.    Jabrg.  L,  heft  2.    8'  Berlin,  1884. 
Athenaeum.    Nos.  2955-2967.    4**  London,  1884. 
Beiblatter  zu  den  Annalen  der  Physik  und  Chemie.    Band   VIII,  Nos.  6-8.    8^  Leipzig, 

1884. 
Biblioth^ue  Universelle.    Archives  des  Sciences  Physiques  et  Natnrelles.    3"**  p^riode. 

Tome  XI,  Nos.  3-6.    S"*  Genfeve,  1884. 
BibliothSque  Universelle    et  Revue  Suisse     3*"  p^riode.    Tome  XXII,  Nos.    65-66,  and 

XXIII,  No.  67.     8°  Lausanne,  1884. 
Botanisches  Centralblatt.     Band  XVIIl.  Nos.  10-13,  and  XIX,  Nos.  1-8.    S"*  Cassel,  1884. 
Chemical  News.     Vol.  XLIX,  No.  1281  to  Vol.  L,  No.  1293.     4**  London.  1884. 
Colliery    Guardian.    Vol.  XLVII,  No.  1224  to  Vol.  XLVIII,  No.  1236.    Polio.  London, 

1884. 
Das  Ausland.    Jahrg.  LVII,  Nos.  23-34      '  Miinchen,  1884. 
Geological  Magazine.    New  series.     Decade  III,  Vol.  I,  Nos.  7-8.    8^  London,  1884. 
Iron.    Vol.  XXIII,  No.  596  to  Vol.  XXIV,  No.  608.     Folio.  London,  1884. 
Journal  de  Conchyliologie.     3"'  s^rie.  Tome  XXIII,  No.  4,  and  XXIV.  No.  1.     8**  Paris, 

1883-1884. 
Journal  of  Science.    3'*  series.  Vol.  VI,  Nos,  125-127.    8'  London,  1884. 

Thb  Editob. 

Just,  LBOPOLD.—Botaniscber  Jabresbericht.    Jahrg.  IX,  Abth.  I,  heft  2,  and  Abth.  II,  heft 

1.    8*  Berlin.  1884. 
London,  Edinburgh,  and  Dublin  Philosophical  Magazine,  and  Journal  of  Science.    5*^  series. 

Vol.  XVIII,  Nos.  110-111.    8"  London.  1884. 
Mining  Journal,  with  supplement  Vol.  LIV,  Nos.  2546-2558.    Folio.  London,  1884. 
Naturse  Novitates.     Nos.  10-16.     8°  Berlin,  1884. 
Natow.    Vol.  XXX,  Nos.  763-775.    4*  London,  1884. 


S12  Records  of  tie  Geoloffieal  Survey  of  India.  [vol.  xtii. 

Titlet  ofBooki,  Demon. 

Neaes  Jahrbuoh  fur  Mineralogie,  Geologie,  and  Palaeontologie.   Jalirg.,  1884,  Band  II,  heft 

1*2.    8'' Stuttgart,  1884. 
KeuM  Jahrbuoh  fiir  Mioeralogie.  BeiUge-Bftud  III,  heft  1.    8^  Stuttgart,  1884. 
Petermann's  Geographiscbe  Mittheilungeu.    Band  XXX,  Nos.  6-8.    4^  Qotha,  1884. 
„  „  „  Supplement.    No.  75.    4^  Ootha,  1884. 

Professional  Papers  on  Indian  Engineeiing.    Vol.  II,  No.  6.    Flsc.  Roorkee,  1884. 

Thomason  Collbos  of  Citil  Enoikkbrivg. 

Quarterly  Journal  of  Microscopical  Science.   New  series.    Vol.  XXIV,  No.  95.    8°  London, 

1884. 
Zeitschiift  fur  Naturwissenschaften.    Folge  lY.  Band  III,  heft  2-3.    8^  Halle,  1884. 


GOVERNMENT  SELECTIONS,  REPORTS,  Ac. 
BxHGAL.— The  Quarterly  Bengal  Army  List    Nos.  88-89.    S""  Calcutta,  1884. 

SnPSBINTBKDSKT,  GOYBBNMBKT   PbIKTIKG. 

BoMBAT. — Ckamberit  Charles,  and  JF, — Magnetical  and  Meteorological  Obeervations  made  tt 

the  Government  Observatory,  Bombay,  in  the  years  1879-1882.    4^  Bom- 
bay, 1883. 

BoHBAT    GOYBBNHBIIT. 

„        Selections  from  the  Records  of  the  Bombay  Government.    New  series.  No.  164. 

8°  Bombay,  1884. 

Bombay  Goyxbnmbnt. 

Bbitish  Bubma.— Annual  Report  of  the  Lighthouses  off  the  Coast  of  British  Burma  for 

1883-84.    Flsc.  Rangoon,  1884. 

Chief  Comhissionbb  of  Bbitibh  Bubha. 

Ihdia. — Blanfbrd,  Jff,  F, — Report  on  the    Meteorology  of  India  in  1882.    4F  Calcutta, 

1884. 

Mbtboboloqical  Rbpobtbb  to  Govbbnmbnt  of  India. 

„      Meteorological  Observations  recorded  at  six  stations  in   India  in  the  year  1884, 

reduced  and  corrected.    February  and  March,  1884.    4^  Calcutta,  1884. 
Mbtbobological  Rbpobtbb  to  Goybbnmbnt  of  India. 

„      Forbes,  G.  8, — ^Note  on  the  Census  Report  of  British  India  of  1881.    Flsc.  Simla, 

1884. 

Rbybnuk  and  Agbioultubal  Dbpabtmbnt. 

„      Government  of  India.    Civil  Budget  Estimate  for  the  year  1884-85.    Flsc.  Calcutta, 

1884. 

COMPTBOLLBB  OF  InDTAN  TrBA8UBIB8. 

^      List  of  Officers  in  the  Survey  Departments,  corrected  to  1st  July   1884.    Flsc., 

Calcutta,  1884. 

Rbybnub  and  Agbioultubal  Dbpabtmbnt. 

^      Selections  from  the  Records  of  the  Government  of  India,  Foreign  Department,  No. 

196.    8""  Calcutta,  1884. 

FoBBiON  Dbpabtmbnt. 

MADBAS.^-Annnal    Administration   Reports  of    the   Forest   Department    (Southern    and 

Northern    Circles),  Madras  Presidency,  for  the  year    18b2-83.     Flsc. 
Madras,  1884. 

Madbas  Goybbnmbnt. 

Nobth-Westbbn  Pbovincbs. — Gazetteer  of  the  North-Westem  Provinces.  Vol.  XI,  Hima- 
layan Districts,  part  2  ;  and  Vol.  XIV.    8""  Allahabad,  1884. 

Goybbnmbnt  of  thb  Nobth-Wbbtbbn  Pboyincis. 
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TRANSACTIONS,  PROCEEDINGS,  Ac.,  OP  SOCIETIES,  SURVEYS,  Ac. 
lities  of  Books.  Donori. 

Basel. — ^Yerhandlangen  der  Natarforachenden  Qesellsohaft  in  BaseL    Theil  YII,  heft  1. 

8**  Basel,  1882. 

The  Society. 
Bbbuk. — AbbandlaDgen  der  Eonig.  Akademie  der  WiBsenBchaften,  1883.    4**  Berlin,  1884 

The  Acadbmt. 
„  SitxaDgsbericbte  der    Eonig.  Prenssischen  Akademie  der    Wiasenschaften  za 

Berlin.    1883,  Nos.  38-52,  and  1884,  Nos.  M7.    8**  Berlin,  1883-84. 

The  Academy. 
„  Zeitschrift  der  Dentschen  geologischen  Geeellschaft.    Band  XXXYI,  heft  I.    8* 

Berlm,  ]884. 

The  Society. 
BoLOOKA. — Memorie  della  Acoademia  delle  Scienze  dell'  Istitato  di  Bologna.    4  "*  s^rie. 

Tome  III.    4'' Bologna,  1881. 

The  Academy. 
BB18BANB.— Proceedings  of  the  Royal  Society  of  Queensland.    Yol.  I,  pt.  1.    8°  Brisbane, 

1884. 

The  Society. 

Bristol. — Proceedings  of  the  Bristol  Naturalists'  Society.    New  series.  Yol.  lY,  pt.  2.    8^ 

Bristol,  1884. 

The  Society. 

Bbcssels. — Bulletin  de  la  Soci^t^  Royale  Beige  de  Gdographie.    Ann^  YIII,  Nos.  1-2.    8^ 

Bruxelles,  1884. 

Thb  Society. 

Bulletin  du  Mus^e  Royal  d'  Histoire  Naturelle  de  Belgique.    Tome  II,  Nos.  3-4^ 
and  III,  No.  1.    8°  Bruxelles,  1883.1884. 

Thb  Museum. 

„  Service  de  la  Carte  G6olo^ique  dn  Royaume.  Texts  explicatif  de  la  feuille  de 
Bruxelles,  de  Clavier,  de  Bilsen,  de  Natoye,  et  de  Dinant.  With  maps. 
8°  Bruxelles,  1883. 

Mus^B  Royal  d'Hist.  Nat.  de  Bbloiqui. 

Budapbst. — ^ErlSuterungen  zur   geologischen  specialkarte  der    Lllnder    der    TJngarisohen 

Krone.    Blatt  C^,  Fg  and  F„.    S""  Budapest,  1884. 

Royal  Huboabiak  Geological  Ivstitutb* 

Foldtani  Kozlony.     Kotet    XUI,   fiizet  7-12;  and  XI Y,  1-3.    8°  Badapest, 
1883-1884. 

Royal  Huboabiak  Gbologioal  Ivstitutb. 

„  Jahreshericht  der  E.  U.  Geologischen  Anstalt  for  1882,    8*  Budapest,  1883. 

The  Ikstitutx. 

^  Mittheilungen  aus  dem  Jahrhuche  der  Eon.  Ungarisohen  Geologischen  Anstalt. 

Band  YI,  heft  7-10,  and  YU,  heft  1.    8^  Budapest,  1883-18*84. 

Thb  IvsTiTUTi. 

Buffalo.— Bulletin  of  the  Bu&lo  Sociel^  of  Natural  Sciences.   Yol.  IY»  No.  4.   8*  Buffido, 

1883. 

Thb  Society. 
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Calcutta. — General  Report  on  the  Operations  of  the  Snrvey  of  India  Department  daring 

1882.83.    Flsc.  Calcntta,  1884. 

SUBYST  OP  IlTDIA. 

„  Survey  of  India  Depai-tment.     Notes  for  Jannaij  to  Jaly  1884.    Flsc.  Dehra 

Dun,  1884. 

SuKTBT  OF  IirmA. 

„  Journal  of  the  Asiatic  Society  of  Bengal   New  series.  Vol.  LIII,  part  2,  No.  1. 

8''  Calcutta,  1884. 

Thb  Socibtt. 

tt  Proceedings  of  the  Asiatic  Society  of  Bengal.    Nos.  4-6.    8°  Calcutta,  1884. 

Thb  Society. 
M  Palseonfologia  Indica.    Series  X,  Vol.  Ill,  part  2,  and  series  XIY,  Vol.  I  part 

3,  fasc.  3.    4°  London  and  Calcutta,  1884. 

Gbolooioal  SrsYXT  OF  Ikdia. 
Records  of  the  Geological  Survey  of  India.    Vol.  XVII,  part  3.    8®  Calcutta, 
1884. 

Gboiooical  Surtbt  of  India. 
„  Report  of  the  Archaeological  Survey  of  India.    VoL  XVIII.    8^  Calcutta,  1883. 

HoMB  Dbpabtmbnt. 

Caubbidok,  Mass. — Memoirs  of  the  Museum  of  Comparative  Zoology.    Vol.  X,  No.  1.    4*^ 

Cambridge,  1883. 

Museum  of  Cohpabatiyb  Zoology, 
Cassbl. — Bericht  des  Vereines  fiir  Naturkunde  zu  Cassel.  No.  31.    8^  Eassel,  1884. 

Thb  Society. 

Copbhhagbn. — Oversigt  over  det  kongelige  danske  Videnskabemes  Selskabs.    1883,  No.  3, 

and  1884,  No.  1.    8°  Copenhagen,  1883-1884. 

The  Academy. 
Dbbsdbn — Sitzung^berichte  und  Abhandlungen  der  Naturwissenschafblichen  Gesellsohaft 

Isis.    Jany.  to  June  1884.    S"*  Dresden,  1884. 

The  Society. 

G6TTiiroBH. — Nachrichten  von  der  K.  Gesellschaft  der  Wissenschaften.  Nos.   1-13.    8* 

Gottingen,  1883. 

Thb  Society. 

BoBABT  Towk. — ^Papers  and  Proceedings  of  the  Royal  Society  of  Tasmania  for  1883.    8® 

Hobart  Town,  1884. 

The  Society. 

KoinosBBBO.^Schriften    der    Physikalisch-Okonomischen  Gesellschaft.     Jahrg.  XXIV. 

Abth.  1-2.    4r  Konigsberg,  1883-1884. 

The  Society. 
Lausanne. — Bulletin  de  la  Soci^t^  Vaudoise  des  Sciences  Naturelles.    2"*  s^rie.  Vol.  XX, 

No.  90.    8^  Lausanne,  1884. 

The  Society. 
LojffDOir. — Catalogue  of  the  Library  of  the  Zoological  Society  of  London.    Supplement 

containing  additions  to  August  30th,  1883.    8**  London,  1883. 

The  Socibty. 
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TitUM  of  Books.  Domort. 

JiOMDojr.— Proceedings  of  the  Zoologi<wi  Society  of  Loadon.    Pari  4  1883;  and  Parti, 

1884.    8^  London,  1884. 

Thb  Socibtt. 

„  Journal  of  the  Anthropological  Institnte  of  Great  Britain  and  Ireland.    Vol. 

XIII,  No.  4.    8*  London.  1884. 

„         Journal  of  the  Iron  and  Steel  Institute.    1883,  No.  2.    8°  London,  1884 

Thb  Institutb. 

M         Journal  of  the  £ojal  Asiatic  Society  of  Great  Britain  and  Ireland.    New  aeries. 

Vol  XYI,  parU  2-3.    8^  Lomdon,  1884. 

Thb  Socibtt. 

„  Journal  of  the  Society  of  Arts.  Vol.  XXXII,  Nos.  1647-1659.    8*"  London, 

1884. 

Thb  Socibtt. 
Mineralogical  Magazine  and  Journal  of  the  Mineralogical  Society.    YoL  V, 
No.  26.    8**  London,  1884. 

Proceedings  of  the  Boyal  Geographical  Society.    New  series.  Vol.  YI,  Nos.  5-7. 
8^  London,  1884. 

Thb  Socibtt. 

n         Proceedings  of  the  Boyal  Sooiety  of  London*    Vol.  XXXYI,  Nos.  229-230.    8* 
London,  1884. 

Thb  Socibtt. 
M         Quarterly  Journal  of  the  Geological  Society.    YoL  XL^  part  2,  No.  158.    8* 
London,  lb81.' 

Thb  Socibtt. 

Madbid. — Boletin    de   la  Sociedad  Geografica  de  Madrid.     Tome  XYI,  Nos.  6-6.     8^ 

Madrid,  1884. 

Thb  Socibtt. 

Manchbstbb. — ^Transactions     of  the  Manchester  Geological  Society.    Yol.  XYII,  parts 

16-18.    S"*  Manchester,  1884 

Thb  Socibtt. 
Meldoubuk. — Mineral  Statistics  of  Victoria  for  1883.    FlbC,  Melbourne,  1884 

DbPT.  of  MiNBS,  YlCTOBLl. 

„  fieport  of  the  Chief  Inspector  of  Mines,  to  Uia  Honlile  the  Minister  of  Mines, 

for  the  year  1883.    Flso.  Melbourne,  1884. 

Dbft.  of  MiNBS,  Yictobia. 

„  Beports  of  the  Mining  Surrejors  and  Begistrars  for  quarters  ending  31st 

March,  and  30th  June  1884    Fisc.  Melbourne,  1884. 

Dbft.  of  Minbs,  Yiotobia. 

„  Transactions  and  Proceedings  of  the  Boyal  Society  of  Victoria.    YoL  XX. 

8°  Melbourne,  1884. 

Thb  Socibtt. 

MiLAH0.p-Atti  della  Societa  Italiana  di  Soienxe  NatoialL     Yol.  XXY,  fzao.  3-4,  and  XXYI, 

iasc.1-4    8'' Mikno,  1883-1884 

Thb  Socmr. 
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TiOmtf  B^kt. 

>Pwetrfiiy  Md Tfi—irHiwi  rf tht  Rayil  gocirfyrf  niiiii,  fcr  UO-UB. 
YoLL    4*  Jfostml,  1883. 


LYIII,Ho.a.    8*  Homo,  1864  and  1884. 


MsucaATBL.— BoDctio  de  U  Soda^  det  SdcneM  Katnrcllei.    Tome  XI,  pL  L    8"  5i 

t«l,1877. 
MswcAfTLS-rroy-Tm^ — TiaaMetaons  of  tlie  nortli  of  Enirlaad  lurtitBtc  of  M iang  lad 

Jleehaoial   EiHtiDMfB.    YoL  XXXIII,  ptfti4^    8*  2revafti».^o^ 

Tjiie,1884. 

Tkv  IsmiLtB, 

Pabu.— Bonetin  de  U  SodM  6Mog:iqiie  de  Fimnce.    r  i^rie.  Tome  XXXEL  So.  4. 

3^  i^rie.  Tome  II,  Ko.  8,  Tome  lY,  Xo.  5,  Tome  YI,  No.  8,  Tome  YII, 
Koik  4  and  7,  Tome  Ym,  No.  4^  Tome  IX.  Ho.  3,  Tome  X,  Xol  7. 
tad  Tome  XII,  Koe.  5^.    8*  Pkrie,  1870-1881  mod  1884. 


Fbilaoslfhia*^ Journal  of  the  Fmiklin  Institate.    3^'  aeriee.  YoL  LXXXYII,  Ko.  6i»  aad 

LXXX VIII,  Noa.  1.2.    8*  Philadelpliia,  1884. 

Ths  Inrrmm. 

^  Proeeedinfc*  of  the  Aeademj  of  Katoral  Sdenoea.    Fart  1, 1884^    8* 

Philadelphia,  1884. 

Ths  Acadsvt. 

y,  IVoeeedingy  of  the  Amerkan  Philoeophieal  Sodeij.    Yd.  XXI,  No.  114. 

8*  Philadelphia,  1884. 

Tax  Socinr. 

„  Trantaetions  of  the  American  Philoeophieal  Sodety.    Newaeriea.  YoL 

XYI,  parti.    4"*  Philadelphia,  1883. 

Ths  Socistt. 

RoMB.— BoDettino  del  B.  ComiUto  Geologioo  dltalia.    YoL  XIY.    8"  Roma,  1883. 

Ths  Comkibsios. 

Saivt  Pstbbsbitbg. — Beitrage  zar  KenntaiM  dee  Rosnaehen  Reichea  and  der  Angrenienden 

Lander  Asien.    Folge  2.     Band  YI-YIL    8"   St.   Ptftenbonrg, 
1883-1884. 

Ths  Impsbial  Acadbmt  of  Scibxcbs. 

^  Bolletin  de  L'Aead^mie  Imptfriale  dea  Sdenoea  de  St.  P^tersbonrg. 

Tome  XXYUI,  No.  4^  and  XXIX,  No.  1.    4"*  St  Ptftersbonrg, 
1883. 

Ths  Imfbbial  Acadbmt  of  Scisbcbs. 

M  M^moires  de  L'Acad^mie  Imp^riale  dee  Sdencee  de  St.  P^tersbonrg, 

S^rie  YII.    Tome  XXXI,  Noe.  9-14.    4"*  St.  P^tersbonrg,  1883. 

Ths  Acadbxt. 

^  Bolletin  dn  Comity  G^ologique.    YoL  III,  Noe.  2-5.    8°  St  Patera- 

bonrg,  1884. 

Thx  CoMMissioir. 

„  M^moiree  dn  Comity  GMogiqne.    YoL  I,  No.  2.    4*"  St  P^tersbonrg, 

1884. 

Ths  Coxmasiojr. 
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Titles  of  Books.  Donors. 

Saum.— Bulletin  of  the  Eseex  Institato.    Vol.  XV,  Nos.  1-6,  and  XVI,  Nos.  1-3.    B9 

Salem,  1883-1884. 

The  Institutb. 
San  FBAHCiflco.--Bulletin  of  the  California  Academy  of  Sciences.  No.  1,  1884.    8*  San 

Francisco,  1884. 

The  Academy. 

n  Memoirs  presented  to  the  CaliPomia  Academy  of  Sciences.    Vol.  I,  parts 

1-2.    4,''  San  Francisco,  1868. 

The  Academy. 
„  Proceedings  of  the  California  Academy  of  Sciences.  Vol.  I  (2nd  edition) 

and  Vols.  V-VII,  part  1.    8*  San  Francisco,  1878-1877. 

The  Academy. 

Sfbinofield. — Bulletin  of  the  Xllinois  State  Mnsenm  of  Natural  History.    No.  2.    8^ 

Springfield,  1884. 

Pbofbssob  a.  H.  Wobthbn. 

Stockholm. — Sveriges  Geologiska  Undersokning  Kartblad.  Ser.  A.  a.,  Nos.  89-90.  Ser.  A.  b., 

Nos.  7  &  9.    Ser.  B:  b.,  No.  3.    Ser.  C,  Nos.  63-60.    ^  &  4P  Stockholm, 
1882-1883. 

Geological  Sfbtey  of  Swbdbk. 

Sydney.— Annual  Report  of  the  Department  of  Mines,  New  South  Wales,  for  1883.    Flsc. 

Sydney,  1884. 

Deft,  of  Mines,  N.  S.  Wales. 

„  Catalogue  of  the  Library  of  the  Australian  Museum,  Sydney.    8**  Sydney,  1883. 

The  Museum. 

„  Guide  to  the  contents  of  the  Australian  Museum,  Sydney.    8^  Sydney,  1883. 

The  Museum. 

,,  Ramsay,  E.  P. -Catalogue  of  the  collection  of  Fossils  in  the  Australian  Museum, 

Sydney.    8°  Sydney,  1883. 

The  Museum. 

„  Report  of  the  Trustees  of  the  Australian  Museum  for  1883.    Flsc.  Sydney,  1884. 

The  Museum. 
ToBiNO. — Atti  della  R.  Accademia  delle  Soienze  di  Torino.    Tomo  XIX,  disp.  1  and  4-5.    8° 

Torino,  1883-1884. 

The  Academy. 

Bollettino  deU'Osserratorio  della  Regia  Universita  di  Torino.    Anno  XVIII. 
Oblong.  Torino,  1884. 

The  Academy. 

II  primo  secolo  della  R.Acc8demia  delle  Scienze  di  Torino.    Notizie  Storiche  e 
Bibliografiche,  1783-18»3.    4°  Torino,  1883. 

The  Academy. 

Memorie  della  R.  Accademia  delle  Scienze.    S^rie  2.  Tomo  XXX  and  XXXV.    4** 
Torino,  1878  and  1884 

The  Academy. 

ToBONTO.— Proceedings  of  the  Canadian  Institute.    Vol.  II,  No.  1.    8"*  Toronto,  1884. 

The  Institute. 
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T^Ulet  of  Books.  Don&rt. 

Vmcx.— Atti  del  Reale  Istitato  Yeneio  di  Sdenze,  Lettera  ed  ArtL   6th  seriM,    Vol.  YIU, 

N06.8-IO.    6th  leries,  VoL  I,  Nos.  1^.    8°  Venexia,  188M883. 

Thb  Ihstttutb. 

VnnA.— Jfthrbach  der  Eais.  Konig.  G^logischen  Beiohsanitalt.    Band  XXXIII,  No.  4, 

&  XXXIV,  No.  3.    8"  Wiec,  1883-1884. 

Thb  Ikstittte. 

M         Yeihandlangen  der  K:.  E.  geologiacheii  Reichaanstalt.     Nos.  9-12.    8*  Wien, 

1884. 

Thb  iKsnTTTB. 

WiBHiVGlOH.— Balletin  of  the  Philosophical  Society  of  Washington.   Vol  YI.  8°  Washing- 
ton, 1884 

Thb  Society. 

WblIiIVGTOH. — ^Transactions  and  Proceedings  of  the  New  Zealand  Institnte.  Yol.  XYI.     8* 

Wellington,  1884. 

The  Institute. 

Yokohama. — Mittheilungen  der  Dentschen  Qesellsohaft  for  Nator-and  Yolkerkande  Osla- 

siens.    Band  UI,  heft  21^.    4'' Yokohama,  1884. 

The  Socibtt. 

October  lith,  1884. 
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